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The ever growing importance of aviation as a factor in 


peace and war is from the earliest days on connected 


with the increase of speed. 


The immense increase of speed in modern air- 
warfare has not yet reached its limits. It can be said 
without exaggeration that the attainment of still higher 
speed represents an immediate war aim. 


The means and ways for an increase of speed are 
reviewed in three abstracts, and new problems are 
touched in this connection. Whilst these abstracts have 
an appeal not only to specialists engaged on aeronautical 
work, they represent views of foreign scientists, and are 
expected therefore to interest the allied aeronautical 
world. In many points recent results available in 
the English language will be thus supplemented. 


In order to avoid repetition and undue reference to 
literature on this subject already published, we refer to 
an article in “‘ The Aeroplane” of May 31, 1940, 
under the title, “‘ Studies of High-Speed Aeroplanes,” 
based on a paper by Messrs. Frederick Flader and E. 
Rushmore Child, of the Curtiss Aeroplane Division of 
the Curtiss Wright Corporation. The original paper 
was presented at the Aerodynamics Session of the 
Eighth Annual Meeting of the Institute of Aeronautical 
Sciences, New York, Fan. 26, 1940. This paper, in 
modified form, was published also in “* Flight,” Fune 6, 
1940, under the title, “‘ Designing for Speed.” 


As it is generally regarded for an impossibility to 
construct an aerofoil for both, speeds above the velocity 
of sound and below that, the condition for maximum 
speed, in other words the theoretical upper limit for 
aeroplane-speed is well established by calculations. 
Dr. Ing. Gosslau, VDI, Berlin, has put down this limit 
with V=960 km/h in the stratosphere, and it can 
be simply visualized if one calculates the speed of the 
rotational flow round the aerofoil based on the circula- 
tion theory. 


Thus : 





1040 km/h represents the velocity of sound in > 
anes (1200 km/h near the ground), Ve= 
km/h is the circulation-speed round the aerofoil. 


So far the high-speed flying theoretically. In 
gcse the human element enters very prominently into 
the issue. 


“ Taking it Lying Down” was the title of a de- 
scription in “ Aeronautics,” Nov., 1939, of overcoming 
the limitations imposed on the pilot by high speed. 
Forces of the magnitude of 16 g. and their effect on the 
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body§jof the pilot were the problems of much research 
work done by the Germans recently. The results call 
for the pilot in prone position. Whilst the German 
results were made known to British readers (The 
Physiology of Flight, Aeronautics, Fuly, 1940), we 
should like to mention in this connection here that 
according to Rodolfo Margaria in the review “‘ Sapere,” 
No. 2, 1940, the Italians are working in the same 
direction. 


It is now quite clear that the high velocities in them- 
selves are not liable to contribute to the cause of physio- 
logical disturbances on the part of the organism. 
There is no limit of speed provided this is uniform in 
its entirety and its direction. Variation in speed on 
straight-line tracks or variation in the direction of 
movement matters only. We can say, the problem is 
one of acceleration, in particular of the radial accelera- 
tion. 


_ A centrifugal for experiments on men was erected 
in the Physiological Laboratory of the R. University in 
Torino where observations were made. 


It seems now definite that the organism has no 
means of judging at what acceleration disturbances 
occur. The disturbances of centrifugal force may be 
forecasted and their inci much better controlled 
by the pilot if the aeroplane is fitted with an accelero- 
meter, an instrument which will indicate the force to 
which the aeroplane, and thus the pilot is subjected. 
Keeping this instrument under observation the pilot 
could learn how to adapt himself to the values indicated 
as multiples of “g.” This is the way to acquire 
security from dangerous stresses, not only for. the safety 
of the aeroplane, but also for the pilot’s own physical 
benefit. The accelerometer ought to be on the in- 
strument panel of all military aircraft. 

To increase the resistance of the individual against 
the centrifugal force, especially in the direction head- 
feet which is that in which it generally acts, some 
suggestions have been made that the arteries should be 
tied with elastic strips and abdominal belts be used. 


In the own words of Mr. Margaria: “ The study 
of physiological conditions of flight has been undertaken 
in Italy, which in this field is second to none, for some 
years, and it may be said that Italy has initiated and 
contributed notably to this branch of study. The 
Air Ministry has recently inaugurated the Centres of 
Research and Medical Aeronautics with establishments 
at Guidonia, Torino and Milano where these problems 
are exclusively studied. There is no need to underline 
the high sense of fitness and understanding which has 
governed this decision. It is a work for intelligent 
assistance and collaboration for the benefit of the air 
personnel. The experience and universally recognised 
courage of the Italian pilots can be utilized with 
minimum risks compatible with the necessity and with 
the finality of each individual case.” 


The abstracts below are given in the most con- 
densed form possible. 





The Editor. 








THE ENGINEERS’ 





DIGEST 


(1) “LES GRANDES VITESSES EN AVIATION ” 


By Dr. P. De HALter. (From Bulletin Technique de la Suisse Romande, Lausanne, 
No. 7, 1940, pp. 73-79). 


IN the fight for higher speed, there are two 
trends to distinguish. The first period: 
Speed achieved essentially by increased HP- 
output only. Secondly, the aerodynamic way, 
the tendency actually executed to-day in the 
construction of modern fighters. 

Comparative figures for a Schneider Trophy 
machine of 1934, the first period’s typical 
representant, and a modern fighter are given 
in the table below. 

MC72, 1934. Fighter, 1940. 


All-up weight 3000 kg 2600 kg 
Wing area 15 m? 15 m? 
Power 2900 HP 1100 HP 
Wing-loading 200 kg/m? 173 kg/m? 
Power loading 0.97 kg/HP 2.36 kg/HP 
Speed at ground: 
level (record, 
1934) 710 km/h= 616 km/h= 
197 m/sec. 171 m/sec 
Speed at 4000 m _ 700 km/h=194 m/sec 
Landing speed 185 km/h= 135 km/h= 
51 m/sec 37 m/sec 
Ca max. 1.29 2. 
Cw min. * 0.028 0.015 


The modern fighter, although not designed 
solely for speed, gives almost the same per- 
formance as the racing machine of 1934, while 
absorbing only one third of that power. 
Moreover, it is able to land at relatively low 
speeds. 


Ce 
20 





0 0. 02 Cy 


Fig. 1. Polar diagram of a biplane of 1929. Points 1 

and 2 correspond with landing speed and maximum 

speed respectively. Cwi=induced drag; C\f=pro- 
file drag + parasite drag. 





* Aerodynamic coefficients symbolised by the letter 
C are based on the stagnation pressure p/2.V?, as now 
adopted in this country (having double value of the 
coefficient K previously used). Ca=lift coefficient, 
Cw =drag coefficient.—Editor. 


Using the symbols of the Ecole poly- 


technique fédérale, Switzerland, we get : 


(1) 7.N=W.V=Cy. p/2.F . V%, and 
() GerA=—G. p/2.F . V*. 
N=Output of engine kg.m/sec. 

V =Speed m/sec. 

» ==Airscrew efficiency. 

F =Wing area m? 

W=Drag kg. 

p =Density of air kg. sec?/m* 
G=Weight of Aeroplane kg. 


A=Lift kg. 
eb A 
C= VEE 
a ia 
il p[2-V2-F 


Equation (1) rewritten : 
3 


V= Jan. F- 


in this form serves to bring out the relative 
importance of the various desiderata involved : 
namely, high efficiency of the airscrew, high 
power, limited drag, limited wing area, low 
air density. But this is not the whole story, 





for there are also many practical considera- 
tions affecting the problem. Thus, safe land- 





0 Ql 


Fig. 2. 
Polar diagram of a monoplane of 1939. (a) Flaps 
in flight position, undercarriage retracted ; (b) Flaps 
and undercarriage in landing position. 





a2 03 = Cy 
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ing conditions fix a minimum wing area, and 
on introducing this requirement into equa- 
tion (2) we obtain equation (3): 
G 2 

(3) . Cao Po Vo? 

Suffix O refers to landing conditions. In- 
troducing this into equation (1) we get equa- 
tion (4): 





ce 
N 5 a max 
(4) V= f= . 1 : Vo? +932 


The lower the density of air the greater the 
speed obtainable with the given power. But 
this advantage—which would give maximum 
results in stratospheric flight—is discounted 
partly by the fact that high altitudes neces- 
sitate the use of super-chargers. 


The permissible landing speed depends 
mainly on the state of the ground, the strength 
of the landing gear and the training of the pilot. 
120 to 130 km/h may now be considered as 
normal. Of the various factors entering into 
equation (4), the three quoted here are mainly 
mechanical and constructional, rather than 


aerodynamical, in character. 

The coefficients C, and Cy are related to 
one another as shown in Figs. 1 and 2. For 
adjusting this relationship, there are various 
devices necessary (landing flaps, etc.). An 
aircraft equipped with one of these devices will 


a 


Ro 5.10° 


1 10° 


210° 


5 10° 
1 105 
2 10° 


mooth 


Ce ef © EG Re 
Fig. 3. 

Drag coefficient Cf for a thin plate, smooth or 

rough, plotted against the Reynolds number Re. h 

denominates the mean value of smoothness, and C 

the dimension of the plate or of the wing chord. 
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possess two different polar characteristics, one 
available for slow and the other for rapid flying. 

Frictional resistance is calculable from the 
Reynolds number as illustrated in Fig. 3. It 
will be seen there that if the surface is rough 
the drag increases with the Reynolds number ; 
hence the conception of a boundary layer, 
within the thickness of which the viscosity of 
the air is what mainly determines the drag. 
For a perfectly smooth profile the curve con- 


% 
30 


20 


b 
20 a0 60 80 100 


Fig. 4. 
Increase of wing drag due to rivet heads of 2.5 mm. 
diameter. Distance of rivets from the leading edge 
in per cent, of the chord plotted against the rivet 
pitch,mm. (a) Distance of rivets from the leading 
edge 28% of the chord. (6) This distance equals 
4% of the chord. 


Fig. 5. Photograph of the boundary layer taken by 
Toeppler’s strioscope. 


tinues to drop as the Reynolds number in- 
creases, but this is not true for a rough surface, 
Calculations not given here show that even 
roughnesses as small as 0.0] mm in depth, such 
as will result from spray painting, may in- 
crease the drag by 10% at speeds above 450 
km/h. Fig. 4 shows the still greater drag at- 
tributable to rivets. That this boundary layer 
exists in fact, may be shown optically by 
Toeppler’s “ strioscope ” (based on the Fou- 
cauld method) as reproduced in Fig. 5. 

It will be seen from Fig. 3 that in order to 
reduce the drag, it is advantageous to have as 








108 


large a Reynolds number as possible. At any 
given speed this means giving the aircraft as 
great a depth of aerofoil section as possible, 
whilst at the same time the span of the wing 
must be reduced to a minimum. This tends 
to simplify the task of the structural design and 
leads to the squat silhouette characteristic of 
the modern fighter. 

Reverting to Fig. 3 it will be seen that as 
regards laminar and turbulent flow the con- 
ditions are different. It will be clearly ad- 
vantageous that the boundary layer should re- 


Cw 
0.006 





ie 





























0 ai a2 03 §©©0&8 © aschord 
Fig. 6. Drag coefficient as a function of the transi- 
tion point. Re=10,. 


main laminar in character as long as possible, 
or in other words that the transition from one 
condition to the other should occur as far back 
as possible from the leading edge. Fig. 6 
shows the relationship between the drag of a 
smooth wing and the distance from the leading 
edge to the point of transition expressed as a 
percentage of the chord. Theoretically this 


Cw 
0.08 
006 
0s 


002 





M 
0.3 0.4 0.6 0.8 1.0 


Fig. 7. Relationship between Cw and Mach’s co- 

efficient. (a) Thickness of wing section equals 6% 

of the chord. (5) Thickness of wing section equals 
12% of the chord. 
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variation offers an additional method of con- 
siderably reducing the drag, but unfortunately 
it is not yet known how to calculate the tran- 
sition point. 


Nh 
100 


m= 
80 


\r 
60 


a0 





v 
0 100 200 500 m/sec 


Fig. 8. Airscrew efficiency 7 plotted against aircraft 

speed V. The tangential tip speed is constant ; Vp= 

200 m/sec. Vp= VV? + Vp? = resultant tip speed. 

(a) thick, wooden blades. (6) thin, metal blades. 
(c) values for 7 in an incompressible fluid. 





Yet another factor is the elasticity of the air. 
Classical aerodynamics assume the air to be 
incompressible, and at low speeds this assump- 
tion, although over simplified, is admissible, 
but at high speeds the density of the air may 
vary by at least 20 to 30%. Mach’s formula 
enables a correction for this to be applied when 
experimenting on models. The velocity of 
sound enters into this question with the result 
that the character of the air flow may be totally 
different when the velocity of flow exceeds that 
of sound from that which it otherwise obtains. 
Fig. 7 shows the relation between the drag and 





v 
0 100 200 300 "/sec 
Fig. 9. Airscrew thrust S and drag W of an aero- 
plane ~— against its speed. G=2600Kg. F= 
15m*. N=1100 HP. H=Om. 
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the value of Mach’s coefficient (M). The 
steepness of the rise depends on the shape of 
the wing. The thicker the section the sooner 
will the increase in drag make itself felt. On 
the other hand the adoption of thin sections 
limits the span. 

The effect of compressibility of the air will, 
of course, be even more manifest in regard to 
the airscrew as the tip speed of this is even 
greater, and Fig. 8 gives an idea of the resulting 
drop in efficiency. We now possess all the 
necessary elements for calculating the maximum 
speed attainable by any given aircraft due to 


the thrust of the airscrew, and Fig. 9 illus- 
trates the application of these data. 

Consideration of this suggests some in- 
teresting conclusions. Thus it is seen that the 
influence of the elasticity of the air will not 
become important until speeds of 200 m/sec. 
are reached (the present record being 210 
m/sec.). Another fact made apparent is the 
enormous rate of increase in power re- 
quirement with speed: for instance, to fly at 
278 m/sec. (1000 km/h) would call for 10,000 
HP—a figure which the aeroplane in its class- 
ical form seems unlikely to surpass. 


(2) ITALIAN SOLUTIONS TO THE PROBLEMS OF HIGH SPEED. 
THE STUDY OF THE MACCHI CASTOLDI M.C. 72. 
By PrerRE LEGLIsE. (From L’Aéronautique, Paris, No. 251, 1940, pp. 127-136). 


We think it of interest to examine the quite 
elaborate data on the Macchi Castoldi M.C. 72, 
racing hydroplane which—already 10 years ago 
—defined requirements and presented solu- 
tions quite relevant to the actual needs of to- 
day. This study is based on a paper given by 
Mario Castoldi at the Volta Congress: “ The 
Italian High-Speed Aeroplanes.” Its chief 


points are given with additional data collated 
by the author, Pierre Léglise. 

It is Known that the M.C. 72 has been the 
final machine in the series of hydroplanes built 
by the Macchi Company. 

The table below gives the essential data of 
these types. 


TABLE I. 





The progress of speed from the M.39 to the M.C.72: 





























|-Year of | All-u . Win 
Type ‘ow weight Prisisy fs loading Engine ee Spee . toes 
M.39 | 1926 1575 | 14.30 | 110 Fiat AS 2 800 |4 17Nov., tone Moekas, US.A. 
M.52 | 1927 | 1515 | 13.30 | 1138 | Fiat AS3 | 1000 |{ 4 Nee 19th Wenice. 
M.52R| 1927 1480 10.20 145 Fiat AS 3 1000 30 saan, pen tenes 
M. 67 1929 2180 13.30 164 i Fraschini| 1400 { 560 km/h, 
M.C.72| 1931 | 3025 15 202 | Fiat AS 6 2300 10 PR 
| 
M.C. 72} 1931 | 2907 15 | 194 | Fit AS6 | 2000 |{ 15 ccs ieee Eonaumaae. 








The Fuselage 

The fuselage of the Macchi Castoldi M.C. 
72 comprises of two detachable parts: The 
engine bed of steel tubes (Fig. 1, p. 114), and the 
wooden rear part of the actual fuselage (Fig. 2). 


The two parts are connected up by pin 
joints. The engine bed is designed as if its 
structure and the engines form one single block 
only. Fiat and Macchi collaborated closely in 
this problem. 
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Surface Cooling 


Cooling, necessarily required in wing 
radiators, must conform to the wing structure, 
entirely metallic and with two reinforcements, 
linings of dural plates linked up to the ribs and 
strips by milled-head rivets. The wing radia- 
tors are of brass tubing and rectangular section, 
the length of the sides being 1.5 mm. 


Systematic experiments conducted by the 
“‘ Board of Studies and Experiments ” found 
that the most efficient wing radiators are those 
of which the depth is the least, but the con- 
struction can better accomodate parts taking 
up the whole depth of the wing (Fig. 3). At 
the speed of 700 km/h the surface radiators of 
the M.C. 72 give off 600 calories per sq. metre 
per minute. The whole of the wing radiators 
weighs 157 kg. Furthermore, each float, which 
contains a fuel tank of 352 1., incorporates 
three surface radiators : One water radiator on 
the front part, and two oil coolers on the central 
and rear parts. 


Circulation 
Fuel Circulation 


The engine group has four automatic fuel 
pumps ; two of them suck the fuel in the floats 
and feed two intermediate tanks, the other 
two feed the carburettor from the intermediate 
tanks. 


The engine group AS 6 has four carburet- 
tors in two identical circuits. A scheme of 
circulation with reference letters an explana- 
tion of those is given in Fig. 4. 


This system of feed can only guarantee the 
equal emptying of the two float tanks in the 
measure in which the two pairs of carburettors 
consume the same quantity of fuel. Now, 
the four receiving channels are subjected to 
the same depression, since they deliver the one 
collector of the supercharger. It is sufficient 
to calibrate the jets of the carburettors under 
the depression considered, so as to obtain 
strictly equal outputs. 


Oil Circulation 
The oil tank is placed at the head of the 


fuselage, just behind the airscrew and is thus 
energetically cooled. 
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Fig. 2. 


From top to bottom. View and sections of the 
fuselage of Macchi M. 39, M. 52, M. 67 and M.C. 72. 
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Fig. 3. 


Partial view of the M.C. 72, with the cowling off. Note the 
surface cooling. The four appertures at the rear of the engine 
group correspond to the receiving channels of the carburettors. 


The four oil coolers similar to those used 
for water, are arranged on the floats. 
The most simple circulation is symmetrical. 
ag sectional diagram shows the left half only. 
ig. 5. 
The pumps P and P! of the two engines suck 
the lubricant from the tank ; a filter F is fitted 
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to the inlet pipes. At the outlet 
from the engines, the oil again 
passes through a filter F', then 
proceeds through the length of 
the rear strut of the float 
to the coolers which operate 
parallel. Return to the tank 
via the front strut. A tubing, 
governed by the valve S, con- 
nects the pipe of used warm 
oil (after passing through F') to 
the return pipe-system for 
cooled oil; this “ by-pass” of 
classic type obviates circulation 
of oil through the coolers at the 
start, or when the oil tem- 
perature is low. 


Water Circulation 


Complicated in appearance, 
the design is also very simple. 
Here, too, for ease of load 
distribution the circulation is 
symmetrical. There are four 
pumps as shown in Fig. 6 and 


Fig. 7. 


The outlets of water of each 
of the four groups of six cylin- 
ders are connected to the 
tubes S. The four tubes S ter- 
minate in pairs at two tanks N 
placed at the rear of the engine 
group. The tanks N com- 
municate by one upper tube 
and one inner tube. In addition 
a channel leads from each of 
them which terminates at the 
front of the fuselage (imme- 
diately under the oil tank) in a 
valve S of extreme sensitivity 
controlled by a series of bel- 
lows. The water circuit is 
normally closed by these valves; 
however, above a certain pres- 
sure the valves open up and 
permit the escape of steam and water. The 
action of the bellows enables temperatures 
near the boiling point to be attained, 
that is to say, much higher than the 
normal for engines cooled by water. The 
efficiency of the radiators is thus increased, 
and the cooling surface reduced, 
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Fig. 4. 


Diagram of fuel circulation of the M.C. 72. 
N=intermediate tanks; P=suction pumps in the floats; p= 
suction pumps to N; c=collectors at bottom of floats. 


From the bottom of each tank N, two tubes 
t lead out terminating at the inlet to two pumps 


on each side of the fuselage. 














C=carburettors ; 


the rear pump on the right (!). 


Let us now consider one 
circulation, that of the left half 
for instance. From the tank 
N, hot water is emitted through 
a wide tube which is divided 
into two branches. The rear 
branch 2 supplies the collector 
of the central radiator on the 
wing. The front branch | 
bends towards the rear one, 
and feeds the collector of the 
trailing edge. Branch 1 pro- 
ceeds to feed by its small dia- 
meter tube the radiator of the 
front strut. Two other small 
diameter tubes lead from branch 
2 which terminate at the radiator 
of the rear strut and the radiator 
of the float respectively. The 
return of water: From the 
trailing edge collector the water 
leaves by two tubes. The one 
terminates at the front left pump 
(let us remember that we are 
studying circulation on the left), 
the other branch leads from 
the interior of the wing to 
The 


interconnection of the right and left circula- 
tions is evidently for the purpose of maintain- 
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Fig. 5. 


Diagram of oil circulation of the M.C, 72, 
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Fig. 1. Structure of the engine bed of the Fiat AS 6, 3000 HP., in the Macchi M.C. 72. 


ing the temperature of the water uniform ; in 
absence of this, twelve cylinders on one side 
might attain a temperature different from that 
of the other side. Mixed circulation is always 
observed: thus, the return piping from the 


radiator on the rear (left) strut proceeds to 
point 3 on the left wing tube which terminates 
at the right wing rear pump. The return 
piping from the radiator on the front (left) strut 
proceeds to 4 on the right wing tube, which 




































































Fig. 6 Diagram of water circulation of the M,C, 72. Elevation, 








terminates at the right front pump. Finally, 
the return pipe from the radiator of the float 
(left) proceeds to 5 on the same tube of the 
right wing. 

If we consider a quantity of hot water, 
leaving for example a cylinder on the left side, 
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it will pass certainly to be cooled in a radiator 
on the left, but it will return either in a left 
pump or a right pump, and under these con- 
ditions in either a front pump or a rear pump. 
If the quantity of cooling water is unduly hot, 
it will badly cool off the series of cylinders 
which receive it, but this will not always be the 
same series on each of these returns to the 
engines. 
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Fig. 7. 


Diagram of water circulation of the M.C. 72. 
view. 
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The four pumps deliver 900 1 per minute. 
As the quantity of water in circulation is 115 
kg, it is seen that each minute water passes 
through nearly eight times in the radiators. 
In all elements, circulation proceeds in the 
opposite sense of the air stream. In the case 
of strut radiators, the inlet of hot water is at 
the top, and the exit of cold water in the direc- 
tion of the pump below. The average time 
necessary for a molecule of water to complete 
the cooling circuit—from engine to engine via 
any radiators—is 7 seconds. Thus, the ave- 
rage circulation speed is 1.5 to 2 m/sec. 


The Coaxial Airscrews 


The torque reaction of a single airscrew 
applied to relatively small floats made the take 
off impossible, or at least highly problematical 
owing to yawing on the water. The necessity 
for oppositely rotating airscrews was obvious. 
Fiat entered very quickly into the views of 
Mario Castoldi whom General Bernasconi 
supported with all his authority. On the other 
hand, the General Headquarters in Rome 
hesitated to launch out in a new way. How- 
ever, Castoldi shouldered the responsibility and 
succeeded. 


When each airscrew receives the power 
from a separate engine (solution Macchi-Fiat), 
or when a single engine drives two air-screws 
by means of a long shaft and an arrangement 
of spur gears (solution Koolhoven-Lorraine)* 
the “contraprop” is advantageous. The use of 
two airscrews enabled, moreover, the diameter 
to be reduced and thus the tip speed limits to be 
lowered. The AS 6 rotates at 3200 r.p.m. and 
its airscrews at 1920 r.p.m. The first pair of 
airscrews designed by Castoldi, when he studied 
the calculations of racing planes, was planned 
to absorb 2300 HP. The diameter of 2.65 
m was the same for both airscrews. The 
tangential tip speed : 


™XDXN = 3.1416 Xx 2.65 x32 \ 266 m/sec. 
Agello’s Ist record : 682.078 km/h or 189 m/sec. 
The resultant tip speed : 





*See ‘< Contraprops,” by Brian Worley, “ Aero- 
nautics,” Jan., 1940, where reference is made to an 
experimental “‘ Curtiss” type using “ contraprops.” 


Editor. 
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/ 2662 + 1892 = 326 m/sec. 


This as near the velocity of sound, for which 
the efficiency of classic blades is abruptly 
lowered. 


In the case of the 2nd record of Agello, 
709.209 km/h, the airscrews were of 2.59 m. 
diameter. The engine at 3300 r.p.m. gave 33 
r.p.s. to the airscrew by employing a gearing 
with the ratio of 330/192. Taking into con- 
sideration the additional power due to dynamic 
pressure at 700 km/h, about 3000 HP could 
have been evolved. It seems, however, that 
only as much as 2800 to 2850 HP has been 
utilised. 


Again, tangential tip speed : 
3.1416 x 2.59 x 33=268 m/sec. 
Speed of aircraft—197 m/sec. 


The resultant tip speed : 


/ 2682 + 1972 = 331 m/sec., 


a value nearly equal to the velocity of sound. 


It was found that the rear airscrew, driven 
by the front engine, absorbed a power higher 
than 15 to 20 per cent of that of the front air- 
screw. On the M.C.72 this inconvenience 
was effectively compensated by the fact that 
the rear engine which drives the front airscrew, 
also impels the supercharger which absorbes 
200 HP. 


On the ground, the rear airscrew turns less 
r.p.m. than the front one, but in the course of 
the aeroplane taking on speed, this difference 
is reduced. Castoldi believes that the future 
solution will consist in connecting up the air- 
screws, so that the available power will be 
applied in full to the clutch. 


In 1930, Macchi installed two Fiat A 20 
engines on a pontoon, one driving a pusher the 
other a tractor airscrew, coaxial in the im- 
mediate vicinity of each other. The pontoon 
was linked up to a dynamometer. The figures 
in the table below taken on this occasion are 
probably the only ones published, excepting 
those of model tests in wind tunnels. 





The rear airscrew has shown higher 
efficiency. This is a subject meriting urgent 
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studies, and these trials ought to be extended 
to experimental flight tests. 


TABLE II. 





Thrusts of two coaxially arranged oppositely rotating airscrews, compared with 
the thrusts of the same airscrews single : 


Front airscrew, single, | Front airscrew, single, 


Coaxial oppositely rotating airscrews 














pusher tractor 
¢ —A— “Vit A— a 
R. P. M. | 

R. P.. M. Thrust R.P.M. Thrust Front Rear Thrust Gain 

inmate i ake kg kg kg 

1870 300 1970 329 1880 1800 640 20 
19C0O 325 1955 335 1880 1820 648 —12 
1890-1900 322 1955 345 1860 1800 660 - 7 
1880 330 1960 340 1870 1810 658 —12 
































(3) THE PEGNA P.7., ANOTHER PROOF OF THE ITALIAN 
EFFORT TOWARDS THE ATTAINMENT OF HIGH SPEED 


THE Pegna P.7. to be floated by small hydro- 
dynamic “‘ wings,” propulsion being furnished 
during the running by a naval propeller. The 
trim is such that the naval propeller put into 
operation develops all the thrust necessary for 
take-off. 

Note the naval control, and in front of the 
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The Pegna P.7. 


naval propeller the hydrodynamic “ wing ” of 
the tail with controllable angle of incidence 
which, with the two front hydrofoils, 
form the peaks of a triangle of hydrodynamic 
lift 


"The wing and the fuselage of the P.7. are, 
of course, watertight. 





Photo : Reparto Alta Velocita. 
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PETROL INJECTION ENGINES 


By Dirt. ING. F. O. WEBER, BERN. (From Schweizerische Bauzeitung, No. 24, Vol. 115, 
June, 1940, pp. 269-273). 


UNTIL a few years ago the internal combustion 
engines were divided into two main groups, 
namely the “ Otto” and the “ Diesel” engines. 
The advantages attached to the latter type of 
engines are twofold : (1) economically, the fuel 
used is cheaper, and (2) thermodynamically, 
the overall efficiency is increased, and hence a 
considerable saving in the cost of fuel can be 
obtained, compared with engines using petrol 
as fuel. 

As a result of experiments carried out in 
different countries, four stroke petrol engines 
were constructed, in which the mixing of the 
air-fuel charge takes place only in the cylinders, 
instead of during the evaporation process, but 
sparking plugs are being used. The fuel is 
injected through injection nozzles, and since 
this is accomplished during the induction 
stroke, the pressure resisting the injection is 
considerably reduced. However, due to the 
difference in the lubricating effect between 
volatile and non-volatile fuels, the design of 
fuel pumps and nozzles must be altered ac- 
cordingly. 

As given by A. E. Thiemann, the advan- 
tages of the petrol injection system can be 
summarized as follows : 

1. Better fuel, and hence better load dis- 


tribution in the individual cylinders, result . 


in a higher average efficiency. At the same 
time the danger of detonation is reduced. 

2. A possibility of scavenging the com- 
bustion chamber from a blast with fresh air 
and without loss of fuel by means of a valve 
overlap of about 150°. Hence an increase in 
the oxygen content of the charge and also more 
efficient cooling of the exhaust valves is 
obtained. 

3. Improved utilization of the more vola- 
tile fuels, due to the absence of condensation 
in the induction pipe. 

4. Elimination of the carburettor-fire 
danger. 

5. Simpler adjustability of regulators for 
aero-engines for altitude, long range flights, etc. 

6. Elimination of carburettor icing danger. 

7. 6-10% increase in output, due to the 
climination of throttling in the carburettor. 

In the light of our present knowledge based 


upon research work a few words can be added 
to some of these points. 

It is most difficult to obtain a more or less 
uniform charge distribution in multi-cylinder 
engines using carburettors. Further, the 
mixture strength varies in the individual 
cylinders, too. Research work carried out in 
the U.S.A. on a series of eight-cylinder motor- 
car engines, showed a difference in the com- 
position of the charge for standard petrol, 
aviation spirit, and butangas, of the order of 
7.1%, 4.7%, and 0.9% respectively. Again 
other scientists found a variation of about 30% 
in the output of the cylinders of a six-cylinder 
engine. This was partly due to the variation 
of load per cylinder, and partly to the differ- 
ences in the mixture strength. Hence with an 
economical carburettor setting, the mixture 
strength may fall to such a low value in some 
of the cylinders, that it will lead to serious con- 
sequences. On the other, hand a carburettor 
setting giving a rich mixture strength means 
that some of the fuel is being wasted. The 
high compression ratio, which is obtainable 
with correct and uniform fuel distribution, is 
consequently also reduced (Fig. 1). 





Limiting valve of the ignition 
advance 


10 " 12 13 14 se] 


Compression ratio. 
Fig. 1. 
Maximum allowable compression ratios and necessary 
ignition advance to avoid knocking in the individual 
cylinders of a six-cylinder engine. 

The experimental figures, on account of 
which the U.S.A. War Department had all 
their single engine fighters installed with the 
petrol injection device, give ample proof of the 
usefulness of this system. They are as follows : 
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Output (H.P.) 


Type of Engine Carburettor Injection R.P.M. 
Pratt & Whitney 
9 cyl. star motor 
Hornet type .. 730 825 2200 
Pratt & Whitney 
fo ene ea 450 490 2200 
Wasp Type .. 710 800 2200 


The specific consumption figures were as 
follows : for petrol 200 g /I.H.P./Hr. and for 
alcohol 410 g/I.H.P./Hr., the maximum 
temperatures reached at the centre of the piston 
were : for petrol 246°C., and for alcohol 188°C. 
Further investigations carried out on the 
Continent gave the following figures for com- 
parison : 
Type of Engine o Lite tie. Cm. = omg H.P. 
Aero engines: 
carburettor system 240 1:6.0 43 87 1000 
°» 99 220 1:7.0 66 100 1140 
petrol injection ,, 200 1:6:5°°°57 87 1400 


The possibility of cooling the piston and 
the cylinder walls internally by means of a 
blast of air, is just as desirable in the case of 
four stroke engines as for two stroke engines, 
since it would allow for higher mean effective 
pressure, without the danger of knocking. 

The successful employment of the petrol 
injection system gives rise to the following 
practical considerations : 

(a) Which instant of the stroke is the most 
suitable for the injection to start at, and under 
what pressure shall it be executed ? 
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Fig. 3. Marvel-Schebler petrol injection device. 
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(b) What design of the fuel pump and the 
injector is to be accepted in order to avoid 
corrosion and wear of piston and nozzle ? 


a. Point of injection and injecting 
pressure. 

The employment of the petrol injectors 
makes it possible to fit the nozzle into the 
induction pipe or even directly into the 
cylinder head. With volatile fuels, due to 
the long ignition interval between injection 
and turbulence, and high temperatures of the 
working parts, a very homogeneous charge is 
produced, even if the fuel atomization is not 
very fine. Hence additionally a very low in- 
jection pressure can be used. If the injection 
takes place at the far end of the suction tube, 
then the conditions are very similar to those of 
a carburettor engine. The induction pipes 
being filled with combustible mixtures, the 





145° 


Power in I.H.P. 


Start of injection, degrees of crank angle from the 
£.D.C. 


Fig. 2. 
Variation of output when the start of injection is 
varied, on a Pratt-Whitney aero-engine, TypR-1340- 
15, fitted with Marvel petrol injection device. 
R.P.M. 2000, temperature of air 16’ C., barometric 
pressure 730 mm. Hg., relative humidity 56%. 


same fire danger exists. 
Neither is the icing danger 
avoided, since the cooling 
effect due to the heat of 
evaporation is present to its 
full extent. Scavenging and 
cooling of the combustion 
chamber by means of an air 
blast is not possible without 
a loss of fuel. 


To avoid these drawbacks, 
injection into the inlet valve 
pocket (Fig. 3) was adopted 
by some firms as Marvel- 
Schebler in U.S.A., Caproni- 
Fuscaldo in Italy, and Lor- 
raine in France. The loss of 
fuel during the scavenging of 
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the combustion chamber can be eliminated, by 
adjusting the injection to last for a shorter or 
longer period of the suction stroke. It might 
be mentioned that the Caproni-Fuscaldo works 
employ this type of injector placing only in the 


case of overhead valves. In the case of side 
valve engines the spray penetrates directly into 
the combustion chamber over the valves. 

In Germany this last mentioned method is 
adopted, arranging for an injection pressure of 
about 5.2 atm*. The start of the injection 
period is fixed relatively to the crank angle, 
and only the termination of the injection varies 
with the quantity of fuel injected. As given 
by British authorities, the efficiency of the 
engines is not appreciably affected by the varia- 
tion of the starting point of the injection (Fig. 2). 


b. The Construction of Pump and 
Nozzle. 


The difficulties due to the lack of lubricat- 
ing effect of volatile fuels can be overcome by 
arranging for a low pressure injection during 
the suction stroke. Hence as an example, 
corrosion can be avoided by designing the 
clearances with excess, and lubricating oil 
is admitted to a groove in the piston 
through a hole, which is periodically un- 
covered. The excess oil can then be col- 
lected in a second lower groove, from which 
it is allowed to flow away, or it drips from the 
piston into a container which communicates 
with the main oil tank. 

Some of the more important parts of the 
pump and nozzle will be considered now (Fig. 
3). The figure gives a section of a pump de- 
signed by Marvel-Schebler. A vertical shaft 
rotates a sloping disc (23) which in turn engages 
the vertical plungers (19). These are arranged 
along a circle on the top of the casing. Each 
plunger has to supply a nozzle fitted at the 
respective induction pipes directed towards 
the valves. The suction pipe is kept free 
from petrol residue, by delaying the start 
of the injection, and advancing the termination 
of the injection with respect to the valve open- 
ing and closing. Alternatively right and left 
rotation is also given to the piston, since a 
crank (9) attached to the lower end of the piston 
is moving in an eccentric guiding groove cut 
in the disc (10). Thus a horizontal channel 
communicating with the compression space 
through a vertical channel (5), will coincide 
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with the suction (18) and delivery (6) openings 
in turn. The quantity of petrol flowing is 
regulated by means of an adjustable suction 
valve (16), driven by a cam (15). Lubricating 
oil flows to the cylinders through a channel 
(21). The petrol passing through the clear- 
ance spaces down the pistons, flows through 
channel (20) and is collected through channel 
(13). 

Fig. 4 illustrates the injection pump manu- 
factured by the Lorraine works. The in- 
jection system is built up of several pump 
elements, one of which is shown in the figure. 
These are arranged in a star form round a single 
cam. The quantity of petrol flowing to the 
nozzles is regulated by the suction valve (D) 
setting, the operation of which can be advanced 
or delayed. Thus the pressure being relieved 
in the compression space, the petrol flows back 
through the suction channel, instead of to the 
multihole nozzles. Oil filling a groove turned 
in the piston provides the lubrication. The 
quantity of petrol is regulated by a lever arm 
pivoted at (O) and operated by a second cam 
fixed on to the shaft, and an intermediate roller 
(G). This roller is seated on a lever arm, 
which can swing round the axis of the pump 
shaft. In consequence it can be shifted in, or 
against the sense of rotation of the cam. A 
control device (not shown) provides this shift, 
and is regulated by the pressure in the in- 
duction tube. 














Fig. 4. 


Lorraine petrol injecting pump. To the right: 
cross section ; to the left : quantity regulator device, 
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The Caproni-Fuscaldo injection system 
is operated by an electro-magnet. A centri- 
fugal pump provides the necessary pressure in 
the inlet pipes. The needles acting as valves 
are periodically lifted from their seats, by the 
lifting power of the electro-magnets. The 
time of petrol flow is defined by the valve open- 
ing, and hence is controlled by the flow of 
current. The amount of petrol flowing to the 
engines depends on the available pressure. 
This in turn is made dependent on the engine 
speed. It is claimed to obtain with this device 
100 injections per second. The actual period 
of injection is about 1/1000 sec. ‘The flow of 
current is controlled by an interruptor and dis- 
tributor. Overhead valve engines have their 
nozzles fitted in the inlet valve pockets, and 
the spray is directed against the valve. For 
side valve engines the nozzles are fitted in the 





Fig. 5. The Caproni-Fuscaldo. injection system. 





Fig. 6. Petrol injecting pump on a Junkers aero-engine. 
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cylinder head, and the spray is directed to- 
wards the middle of the combustion chamber. 

Figures 6, 7, and 8 relate to the system 
adopted in Germany. The engine is a twelve- 
cylinder V engine. The air charge is taken 
from a two stage centrifugal pump arranged at 
the back of the suction tube, hence it is not 
shown in the figure. The injection pump is 
fitted between the 60° V angle, formed by the 
two cylinder blocks. The jet is penetrating 
directly into the combustion chamber, and the 
nozzles are fed by a short pipe of 1.5 mm. 
internal dia. Each cylinder is provided with 
two inlet valves, and one large exhaust valve. 
Three holes of 1.1 mm. dia. are feeding the 
nozzle, which has no needle, hence lubrication 
is not necessary. 

The pump is principally of similar con- 
struction to those used with Diesel engines. 
The two six-cylinder pump blocks form an 
angle of 150°, diverging towards the lower end, 
so that each of the twelve plungers is driven by 
six cams (5), mounted on the pump shaft. The 
stroke is constant, and regulation is obtained 
by turning the plunger by means of a rack (7) 
and a cylindrical gear wheel (3) attached to the 
plunger. The rack is of circular cross section. 
Opposite to this is a short spring controlled 
rack (4), pressing against the cylindrical gear 
wheel, to ensure an effective contact between 
the main rack and the gear wheel, free from 
backlash. The cylinder has three ports. The 
petrol passes to the nozzles through a 
pipe (1) fitted with two flap valves (9) 
leaving at the pressure port. The 
pumping effect is finished as soon as 
the pressure is released in the cylinder. 
For this purpose the top of the plunger 
has a helical edge and when this co- 
incides with the port (2) leading to 
the main tank, back flow starts, and 
hence the pressure is_ released. 
Finally, the third port serves as a 
suction port (8), to fill the cylinder 
with petrol (Fig. 7). 

The method of regulating the 
output is sketched in Fig. 9. The pilot 
controls the throttle, and the re- 
gulation of the injection pump is 
entirely automatic, and is dependent 
on -the pressure in the induction 
pipe. ‘The pilot also controls the 
compressor of the super-charger, 
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and hence is in full control of the output. 
In order to avoid overloading a separate 
overload regulator is connected directly 
to the throttle regulator. Use is made of a 
membrane exposed to the pressure in the inlet 
valve pocket to regulate the main rack of the 
pump. This of course means that reduction 
of air density with altitude is taken into ac- 


count. 

The Junkers-Jumo 211 A aero-engine is 
controlled as follows. The main rack is con- 
nected to an oil driven servo-motor, the rotary 
valve of which (F) is controlled by the pressure 
in the suction pipe (Fig. 8). The oil driving 
the servo-motor is delivered by a separate 
pump, connected to the main lubricating 
system of the engine. Each of the pump blocks 
encloses a separate main rack (A) mechanically 
coupled to each other and to the servo-motor 
(G) by means of a cross rack and several gear 
wheel segments. Each main rack is made up 
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Fig. 7. 


Section of petrol injection pump on a Junkers 
aero-engine Typ 211A. 
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Fig. 9. 
Sketch of the output regulation of an engine with 
petrol injection. 

of short parts, corresponding to the number of 
pump pistons. To obtain an accurate re- 
gulation of each plunger the relative position 
of the rack parts can be altered with respect to 
each other. These parts are hollow, and a 
long tube, built up telescopically from short 
tubes, passes through them. The end of these 
tubes are provided with a fine micrometer 
thread. At the points where this tube leaves 
the rack fixing nuts are screwed on the tube. 
Arrangement is made to keep these nuts in 
position. Access is easily obtained to the nuts, 
by removing a cover from the pump block. 
With this arrangement each cylinder can be 
supplied with the required amount of fuel, 
and hence a very uniform load distribution can 
be obtained. 

Although in view of the above-said it seems 
that in Germany it was found possible to solve 
the problem of the petrol injection engines in all 
its details, there cannot be any mistake about it 
that all this is only the beginning of the evolu- 
tion of these types of engines. 





Fig. 8. 


Sketch of arrangement of the regulator of a Junkers 
aero-engine Typ 211A, 
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ELECTRICITY IN AERONAUTICS 
By M. R. SALELLES. (From Electricité, Paris, No. 63, Vol. 23, pp. 351-355). 


SpoT welding is the base of many aeronautical 
manufacturing processes and for this purpose 
electric welding machines are used. Spot 
welding is a direct application of Joule’s law 
(W= 0.24.R.I?.T), where R is the resistance 
of the circuit, I is the current, and T is the time 
during which the current is flowing. 

The two pieces to be welded, P, and P. 
(Fig. 1) are placed between the two electrodes 
of the machine E, and E,, which are the leads 
of the current and the pressing mechanism at 
the same time. These electrodes are connected 
to the secondary of a step down transformer, 
the primary of which is connected to the 
mains. Regulation is usually made on the 
primary side. The current flowing in the 
secondary circuit is the same at all points, and 
since the time is constant, too, the heating effect 
will be a direct function of the resistance at 
any particular point of the secondary circuit. 
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Fig. 1 
Scheme showing the 
principle of Spot welding 





It can be seen from Fig. 1 that we are mainly 
concerned with the following resistances : 

The two principally identical resistances 
Rey of contact between the electrodes and the 
pieces to be welded. The two metallic re- 
sistances Rs of the pieces to be welded. The 
contact resistance R-3 which depends on various 
factors, such as the quality of the metal, upon 


their thickness, upon the quality of surf:ce, 
and the pressure applied. 

Thus the power transformed to heat be- 
tween the two electrodes will be given by in- 
tegration as 

W= (2Re2 + Reg) .I? .dt 


neglecting Rs which is usually of low value. 

If the values of the resistances are fixed, the 
time taken for the welding is inversely pro- 
portional to the square of the current. The 
suitable values of I and dt were found from 
practical experiences. Actually the welding 
leads to a thermoelement between the changed 
metal and the neighbouring metal and causes a 
quick corrosion. The term changed metal 
refers to those parts of the metal which under- 
goes some structural changes due to the high 
temperatures existing during the welding 
process. It was found in practice that the 
changed part of the metal must never reach the 
outside surfaces of the welded sheets. Sum- 
marizing these facts, we must weld quickly 
and hence use high currents of the order of 
about 2-3000 A/mm?. 

Returning now to the question of the re- 
sistances, it is obvious that the value of this will 
depend on the pressure applied and on the con- 
dition of contact. In order to obtain a regular 
quality in the spots it is very important to clean 
thoroughly the surfaces. If now the pressure 
applied is large, then the contact resistances 
will be of low value, which is undesirable, since 
this would require a very great power to per- 
form the welding. With reduced pressures, 
however, great care must be taken to keep the 
pressure at the required value. It is very 
difficult to reach a regularity of adjustment, 
because the means of control and switching off 
of the current are not sufficiently quick and 
adjustable on the usual welding machines. 
These problems caused the designers to adopt 
the American solution which employs ther- 
moionic in errupters. These ensure a con- 
stant and synchronised duration for the passage 
of the current and make it possible to work 
with full safety at high currents, and thus a 
regularity of results is obtained. , 

It might be mentioned that the aforegoing 
considerations apply equally well for the light 
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alloys of aluminium and the anstenitic steel 
C1Ni, usually called 18/8, although the latter 
mentioned metals have a higher contact resist- 
ance and their thermal conductivity is smaller 
than that of the light metals and their alloys. 

There still remains the problem of con- 
necting the machines to the distribution mains. 
In order to weld these metals quickly, we re- 
quire a considerable amount of power, e.g., 
for the welding of twice 15/10 mm. in light 
alloys we need 200 KVA, for twice 25/10 mm. 
350 KVA. These machines cause inequali- 
ties in the phase current, and in practice only 
the really big power stations can accept con- 
sumers with spot welding machines. To 
overcome these troubles two power accumula- 
tion systems have been developed. These 
are : power accumulation in an inductance and 
power accumulation in condensers. They are 
similar in the sense that they both can be 
charged with comparatively small power and 
they discharge in a very short interval of time. 


Welding Machines with Power Accu- 
mulation in an Inductance. 

The schematic connection is shown in Fig. 
2. A special accumulating transformer TA. 
is connected through a maximum current relay 
to a rectifier (R) and is charged with the direct 
current. The rectifier is fed from a three- 
phase main. The secondary of the trans- 
former is directly connected to the electrodes 
of the welding machine. When a convenient 
current is reached the relay breaks the charging 
current. The variation of flux thus produced 
in the transformer induces a current in the 
secondary circuit. Hence we can perform the 
welding with a power of 2-250 KVA and take 
at the same time only a reduced power of 40 
KW from the mains. 

The variation of voltage of such a machine 
is shown in Fig. 3. During the interval T)T, 
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Fig. 3. Diagram of a machine with power ac- 
cumulation in an inductance with degressive 
pressure and recompression. 
the voltage increases to P, which then will be 
reduced to Pz. This remains constant until 
T;. The charging current flows from T2 to 
T; which varies slowly until the moment 
when altering the sense, then it rapidly grows 
to T;. The welding is made during this period 
of discharge of the current. Figs. 4 and 5 
show curves for the power required for the 
old type and the accumulating type of welding 
machines. The advantages are clearly shown. 


Welding Machines with Power Accu- 
mulation in Condensers. 

The simplified scheme of such a machine 
is given in Fig.6. The secondary of the trans- 
former is connected to the welding machine as 
before. The primary is connected through 
an interrupter to the condenser (C), this in 
turn being connected through a second inter- 
rupter to a dry rectifier, which is fed from a 
three-phase transformer, with voltage regula- 
tion. The charging of the condenser and the 
discharging of the same are two distinct opera- 
tions. 

The charging current is indicated in Fig. 7. 
The curve approaches a constant value and 
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Scheme showing 
the principle .of a 
welding machine 
with power accumu- 
lation in an induc- 
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Fig. 6. Principle of a welding machine with accumulation of power 


in a capacitance. 
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Fig.7. Curve showing the mean secondary 
intensity as a function of the charging pressure 
of the condensers. 
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Fig. 8. Charging intensity of a 
condenser for a welding machine 
with accumulation of power. 
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Fig. 9. Curve showing the in- 


tensity of discharge. 


—y;———— consequently the current 
. is reduced to zero. We 
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can prolong the charging 
time without any incon- 
venience, since this does 
not affect the stored power. 
The charging current in- 
terrupter operates always, 
when the current is zero, 
therefore, there is no pos- 
sibility of sparking modi- 
fying the charge. The 
losses in the condenser are 
extremely small, therefore there is practically 
no change if we have a certain time between 
the end of the charging and welding. 


During the discharging period the quantity 
of electricity transversing the primary is con- 
stant. It is equal to the stored quantity q= 
1/2CV?, where C is the capacity of the con- 
denser, and V is the potential difference. 
Hence the welding current can be altered by 
altering the voltage of the condenser. When 
regulation is made solely on the charging volt- 
age, the curve of the secondary current is con- 
stant. The form of discharge curve depends 
upon the relative values of R? and 4/C, where 
R is the equivalent resistance of the primary 
and secondary circuit reduced to the primary 
side. 


It would be possible in practice to weld all 
the usual thicknesses of aeronautic construc- 
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tions (from 2 x 0.5 mm. to 2 x 2.5 mm.) by 
varying only the charging voltage. This is 
usually obtained by means of tapping points on 
the transformer. But to weld under the best 
conditions and to avoid projections, new de- 
signs make it possible to regulate the relation 
of R? to 4/C. This is practically obtained by 
modifying the inductance of the transformer 
or by modifying the value of C, e.g., we shall 
use three values of C to weld sheets of the 
following thickness : 


1. Value of C welding from 0.5-0.8 mm. 
2. Value of C welding from 0.8-1.8 mm. 


3. Value of C welding from 1.8-2.5 mm. 


These machines with accumulation of power 
in condensers are very suitable for connection 
to the mains. In practice the power which is 
necessary to charge the condensers depends 
solely upon the time available for this opera- 
tion. In practice of up-to-date aeronautic work 
the generally adopted charging time is 3/10 sec. 
This does not slow down the working speed 
and enables to weld the maximum usual thick- 
ness with a power of 25 KW, which is very 
reasonable. 


MOTOR FOR MACHINE TOOL DRIVE WITH BUILT-IN BRAKE 
(From Elektrizitaetsindustrie, Werbeheft, 1939). 


In order to achieve the best efficiency, the 
electric drive of modern machine tool has to be 
combined with automatic braking. It is evi- 
dent, that electric braking would have many 
advantages. But with the motor fitted with 
squirrel-cage rotor, extensively used for 
machine tool drive, electric or magnetic brak- 
ing is impossible without introducing an ad- 
ditional apparatus, which prejudice the sim- 
plicity of the electric drive. 

With the new type of three phase motor 
introduced by the Carl Flohr A,G., Berlin, 
braking is accomplished without any addi- 
tional apparatus (D.R.P.). The brake is com- 
bined with the motor to a compact unit (Fig. 
1). The shaft of the motor carries a brake 
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Fig. 1 ' 
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wheel, which by a spring is pressed against a 
braking surface provided on the casing of the 
motor. As long as the motor is not switched 
on, it is braked ; when switched on, the rotor 
of conical shape is drawn axially into the bore 
of the stator, as the magnetic force exerted by 
the stator is stronger than the force of the spring. 
Due to the axial displacement of the rotor the 
brake is lifted and the motor starts running. 
It is possible to provide the brake with about 
the double of the normal torque of the motor. 
The wear of the braking surfaces can be 
easily compensated by a disc, which may be 
added when necessary. In consequence of 
the very small displacement of the rotor 
sufficient to secure efficient braking (0.5 to 
1.0 mm) one can achieve 
a very exact drive of the 
machine tools. 

This type of motor has 
the great advantage that even 
with frequent stopping and 
braking no excessive heating 
of the motor will result, as 
there is no heating generated 

- in the winding of the motor, 
the heat being produced in 
the casing of the motor, from 
where it is dissipated easily. 
Starting current and full load 
current are reported not to 
be higher than those with 
motors of usual design. 
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THE LARYNGOPHONE 


By J. de Boer and K. de Borr. (From Philips’ Technical Review, January, 1940, 
Vol. 5, No. 1, pp. 6-14). 


In places with high disturbance level, for 
example the cabin of an aeroplane, a boiler 
factory, a ship-building yard, a mine shaft, etc., 
telephoning can be made possible, if the speech 
vibrations are picked up not out of the noisy 
air, but from the throat of the speaker. This 
is accomplished by the “laryngophone.” It 
is based on the fact, that the vibrations, by 
which the sound of speech is transmitted, are 
not only radiated through the mouth and by 
the air, but that they are communicated to the 
surrounding fleshy and bony parts of face and 
neck too. The most suitable spot for picking 
up these vibrations is the throat. Vibrations 
excited farther forward in the mouth, like the 
“explosive ” consonants p, t, and k, and the 
s sounds, are poorly represented in the throat 
vibrations. Most of the other consonants and 
the vowels, which are practically the conveyors 
of the speech, are formed chiefly with the col- 
laboration of the resonating cavities of the 
mouth and will contribute effectively to throat 
vibrations, which proved therefore as a very 
acceptable substitute for actual speech vibra- 
tions. 


Through the relatively small opening of 
the mouth high frequencies radiate better as 
slow ones. On the other hand the vibrations 
in the oral cavity also experience a change in 
“timbre,” when transmitted through flesh and 
bone to the skin of the throat due to a certain 
dependance of the damping on the frequency. 
In order to make the voltage alternations ori- 
ginating from picking up the vibrations of the 
throat resemble as much as possible to the 
voltage variations derived from speech vibra- 
tions, an element must be included in the cir- 
cuit of the laryngophone, which has a frequency 
characteristic similar to that of the resonating 
cavities of the mouth, or provision must be 
made, that the laryngophone itself possesses a 
sensitivity curve, which guarantees the re- 
quired change in timbre. By comparison of 
records of microphones and laryngophones it 
was stated, that in the frequency range from 
200 to 3000 cycles, if the laryngophone gives 
a voltage proportional to the velocity of the 
throat then an amplifier must be used with 


a frequency characteristic, which increases 
quadratically with the frequency. One has 
succeeded to construct laryngophones, which 
already possess the desired characteristic, and 
which therefore can be used with normal 
amplifiers of flat characteristic or without any 
amplifier. Quadratical frequency character- 
istic can be attained by indirect excitement of 
the microphone through a resonating system 
(Fig. 1). The frequency characteristic of such 
a system has the quadratic character for ex- 
citing frequencies, which are lower than the 
resonance frequency of the system. For the 
reproduction of speech a suitable value for 
the resonance frequency is in the neighbour- 
hood of: 2000 c/sec. 


Xo+ x 








a) 


Fig. 1. (a) Diagram showing the principle of a 
directly excited microphone. ‘The holder H remains 
at rest, the exciting forces act directly on the vibrating 
element M. (b) Diagram of an indirectly excited 
microphone. A certain motion is communicated to 
the holder H, and the vibrating element takes on a 
certain alternating deviation x with respect to the 
holder ; x, is the distance between M and H when 
at rest. 

Two systems have been chosen for actual 
construction : the crystal microphone, in which 
particular attention has been paid to the quality 
of the reproduction, and a carbon microphone, 
in which the main effort has been to attain the 
greatest possible sensitivity. 


Crystal laryngophone. 


The action of the crystal microphone is 
based on the piezo-electric effect: Certain 
kinds of crystals, such as Rochelle salt, assume 
an electric charge, when they are deformed. 





















When two plates, cut from such a material at 


a certain angle to the crystal axes, are stuck - 


together in a suitable manner, a plate is ob- 
tained, which, by bending, exhibits a certain 
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Fig. 2. Construction of the crystal laryngophone. 
H holder, one side of which is pressed against the 
throat of the speaker ; K crystal composed of two 
discs ; E,, E,, electrodes ; D damping material. 


electrical tension between the upper and the 
lower sides. In the Philips crystal micro- 
phone such a plate K is clamped in a holder at 
one end, as shown in Fig. 2. The voltage 
alternations occurring when the plate is in 
vibration are taken up by the electrodes E, 
and E,. The piezo-voltage is proportional to 
the displacement of the plate, so that at con- 
stant velocity amplitude of the vibrations of 
the throat, against which the holder of the 
microphone is pressed, the microphone voltage 
is proportioned to the frequency instead of 
tow”, The required correction of the micro- 
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Fig. 3. Connection of the crystal Jaryngophone. 





phone characteristic is obtained by connect- 
ing a relatively low resistance R in parallel 
with the crystal (Fig. 3). If C is the capacity 
of the crystal, V the amplitude of the piezo- 
voltage, then the output voltage obtained is 


weed v sienicmaiocane 
Va= Vere4. (-.) 


When R wC <1, then is 
VraARoC.V 

So V; is proportional to 4”. The im- 
provement of the characteristic is obtained at 
the expense of the sensitivity, as Vp <V. But 
the characteristic is very satisfying. 

The microphones have a very compact and 
sturdy construction (Fig. 4). The manner in 
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Fig. 4. Two laryngophones. Crystal type and car- 
bon type cannot be distinguished by their appearance. 
which such a microphone can be fastened into 
an aviator’s helmet is shown in Fig. 5. 


Carbon laryngophone. 


Construction of the carbon microphone is 
shown in Fig. 6. Again use is made of the 
principle of indirect excitation. The vibrat- 
ing system is a circular membrane M. Be- 
tween the membrane and the metal plate P 
there is a layer of granulated carbon. Upon 
vibration of M with respect to the holder the 





Fig. 5. 
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Fig. 6. Cross section of the carbon laryngophone. 
M membrane ; P metal plate ; K carbon in the space 
surrounded by the ring R of flexible insulating 
material. 
carbon is compressed to different degrees and 
the resulting resistance variations lead to varia- 
tions in an electric current sent through the 
carbon. The variations are, as in the case of 
the piezo-crystal, proportional to the amplitude 
of the membrane. The too great intensity of 
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the low tones can here also be corrected in a 
simple manner. By choosing appropriate di- 
mensions for the microphone it was possible 
to obtain at a frequency of 1000 c/sec a sensitj- 
vity about 200 times as great as that of the 
crystal laryngophone. At normal speech in- 
tensity and in normal connections an average 
power of 0.2 mW is obtained. 

Fig. 7 shows how the laryngophone can be 
added to the usual telephone apparatus by 
means of a removable and adjustable inter- 
mediate section. When the arm with the 
laryngophone is turned to such a position, that 
the laryngophone rests against the throat, the 
air microphone of the apparatus is automati- 
cally disconnected, so that the disturbing air 
vibrations are no longer transmitted. 

The effect of noise on the laryngophone is 
negligible. For instance in a cabin of an 
aeroplane with an average disturbance level of 
114 phons the voltage obtained in a crystal 
microphone from this noise may be about 4 
mV, whereas this microphone will give an out- 
put voltage of 20 mV in normal speech. 

Tests showed an intelligibility of 80°, for 
the crystal microphone and of 68%, for the 
carbon microphone when used in a room with a 
noise of 123 phons. The intelligibility of an 
ordinary telephone diminishes to zero when 
the speaker is in a room of only 90 phons. 


Use of the laryngophone in combina- 
tion with gas masks. 


Besides the possibilities of application for 
the laryngophone mentioned in the beginning, 
another application would be the use of the 
laryngophone in combination with gas masks. 
An air microphone cannot be used with a gas 
mask. When a laryngophone is used, this 
difficulty is met with the added advantage, 
that the microphone can be passed from one 
speaker to another without it being necessary 
to open the mask. 


THE CHROMIUM HARDENING PROCESS SYSTEM 
VAN DER HORST 
By G. WIEBERDINK, Chief Engineer of Machienefabriek Gebr. Stork & Co. 
(From Ship en Werf, Rotterdam, No. 6, Vol. 7, March, 1940, pp. 65-71). 


Mr. VAN DER Horst, who has worked in col- 
laboration with Messrs. Stork, proposed to 
precipitate chromium on cast iron by an elec- 
trolytical method. Chromium is very resistant 


against wear and tear and is not easily attacked 
by corrosion. Thus, very good results were 
obtained when the lining of a few V.N.S. 
engines were replaced with chromium lining. 
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In consequence, all the large Stork-Hesselman 
engines have been provided with a hardened 
chromium lining during the last years. 

Wear and tear on cylinders is in great part 
due to corrosion. This view was supported by 
scientific publications and by tests carried out 
by the Ricardo Test Station in England and by 
the Test Station of the Batavian Co. at Delft. 

Chromium is resistant to most chemical 
effects, including the action of sulphur dioxide. 
It is not resistant against hvdrochloric acid, this, 
however, is not present in the combustion 
gases. Chromium is also of great hardness, and 
thus can withstand mechanical wear and tear. 
Impression tests carried out in England give 
the hardness figure for chromium as 1000 
Brinell units. 

The method and procedure of the electro- 
lytic precipitation is as follows : 

Besides the anode—adapted to the machine 
parts in dimensions and shape—a special tool 
must be provided to direct the flow of current, 
so as to limit the depositions of chromium to 
the parts required. This tool can also be used 
to suspend the engine part in the bath and to 
centre the anode. 

The electrolyte consists of a chromium acid 
solution (a weak solution of chromium oxide 
CrO;). It was found that the active hydrogen 
and acid development, as the outcome of the 
electrolysis, takes care of the necessary circu- 
lation of the liquid. Only in special cases 
are artificial stirring arrangements needed. 

The current used, varying with the size of 
the engine which has to be lined is very high 
in some cases as much as 50-100 amps. On 
the other hand, the voltage rarely exceeds 10 
volt. No chromium electrode is required as 
for other electrolytic processes, where an 
additional anode has to be used. The anode 
used is generally of lead. The flow is main- 
tained by feeding in chromium oxide. 

The poisonous chromium vapours produced 
during the process are conducted away by 
means of a tube or outlet pipe and a ventilator. 

Mr. Van der Horst has named his process 
as “chromium hardening” to distinguish it 
from the process of chromium plating. It 
must be noted, however, that there is no 
hardening involved in the process, the maxi- 
mum temperatures never exceed 70°C., and 
hence, the chromium hardening name is mis- 
leading. 


In the early days of this process, some 
difficulties were found with light pistons, 
mainly due to the high polishing, which does 
not offer a good surface for lubrication. The 
difficulties were completely overcome by Mr. 
Van der Horst, by giving the cylinders a layer 
of more open structure. Thus, the greater 
porosity of such a chromium layer offers the 
oil film a better adhesion and smoother flow. 

Much consideration has been given to the 
following points : 

During the chromium hardening (using the 
name given to the process by Mr. Van der 
Horst), sharp and projecting edges cause current 
aggregations, and thus adjacent parts receive 
less chromium. The apertures in the surface 
contributed to this difficulty, too, and although 
these apertures could be rounded off, a very 
special tool was necessary, and had to be 
adapted to the shape of these. 

These difficulties could be overcome in 
special cases, as illustrated in Fig. 1, which 
shows the top and bottom half of a M.A.N. 
engine piston. Both parts show the rounded 
edges for the convenient attachment of the 
piston rings. In order to eliminate the piling 
up of chromium at the edges, the two parts 
were fitted together during the chromium 
hardening process. 
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Mr. Van der Horst received the license on 
his process in various countries. Messrs. 
Lister have secured rights on it in England, and 
Messrs. Stork for Holland and the colonies. 
In the U.S.A. Mr. Van der Horst has a license 
agreement with the U.S.A. Navy. As stated 
above a good deal of experience is needed to 
obtain an even and uniform thickness of the 
chromium layer, since the process is such that 
small details may be overlooked. The many 
years’ experience naturally cannot be conveyed 
to others in. a short time. Although in Hilver- 
sum success has attended the work on a small 
chromium hardening cylinder, yet it was not 
easy to apply the process to the larger engines. 
It was soon found that modifications were 
necessary, as, for instance, in the transmission 
of current, and in the design of the immersion 
bath. 





Fig. 2 

Later developments led to the chromium 
hardening of crank shafts and pins. Messrs. 
Stork decided to have the crank shafts and pins 
of their high speed engines chromium hardened. 
A special tool was designed, and with the help 
of this even the most complicated crank shafts 
could be treated with this method successfully. 
Very uniform and even chromium layers were 





Fig. 3 
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obtained recently and the calibration can be 
accurate to a few hundreds of a mm. 

Another illustration of the application of 
this method is shown in Fig. 2, which shows 
the piston of a two stroke trunk piston engine. 
With this. chromium layer the lubrication 
problem is considerably simplified. 

Fig. 3 shows the upper part of a piston of a 
four stroke engine of 400 mm. bore. The 
piston was tested for a week before the photo- 
graph was taken. The picture gives a good view 
of the slight amount of wear. The “ turning 
fibres” are clearly shown, but the normal 
sliding surfaces do not show any wear or defect. 
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Mr. Williams of the Automobile Research 
Committee carried out a number of experi- 
ments on chromium hardened cylinders, and 
also on the normal steel cylinders. These ex- 
periments included various durability tests. 
The tests were each 5 minutes no-load running, 
10 minutes rotation loaded, followed by 15 
minutes cooling off, while normal lubrication of 
the cylinder was employed. The results of the 
experiments are shown graphically in Fig. 4, the 
amount of wear being plotted against the 
number of repetitions. 

The figures for ordinary cylinder and chro- 
mium lined cylinder are 0.00022 inch per 1,000 
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Fig. 5 
miles, and 0.00003 inch per 1,000 miles res- 


pectively. The ratio of wear of an ordinary 
cylinder and of a chromium hardened cylinder 
is thus found to be 7:1. In many cases using 
this method a wear figure of 5 to 10% of the 
normal wear could be proved. 

Messrs. Stork took measurements of wear 
regularly every year on a four-cylinder engine 
of 265 mm. bore, the cylinders of which were 
chromium hardened. The engine was installed 
in a trawler. Fig. 5 gives graphically the wear 
of two cylinders. Cylinder 2 underwent im- 
proved treatment at Hilversum. There is a 





DIGEST 131 


clear distinction in the wear between the two 
cases. The thickness of chromium layer was 
0.28 mm. 

Cylinder No. 2. The wear after 26,000 
working hours in the highest part, that is the 
position of the upper piston rings when piston 
is in the T.D.C., is only 0.13 mm. in diameter, 
and over a distance of 200 mm. the wear is 
not more than 0.04 mm. in diameter. In view 
of the bad working conditions (continuous re- 
versing) this is a very satisfactory result. 

The first lining in the cylinder 4 shows a 
somewhat greater wear. The method of 
chromium hardening of this cylinder was, how- 
ever, not the best. But even in this case the 
figure of wear is rather low. It amounts to 
0.15 mm. after 16,000 working hours. A 
fracture has been detected after 26,000 working 
hours. After 31,000 working hours this break 
was still of the same size. Hence, although the 
hardening process was not done in the best 
way, the crack and wear in the chromium layer 
had no serious effects on the adjoining parts. 

Another advantage of this method was found 
in the low lubricating oil consumption. As the 
oil film adheres smoothly to the surface, any 
excess oil can easily run away. The figure of 
oil consumption of the engine was below 
1 g/hour/I.H.P. 

Summarizing the result we can see that the 
wear and tear on the various parts is greatly 
reduced, without any effect on working safety 
of the engine. 


ELECTRIC POWER SUPPLY OF AEROPLANES 


By B. I. Roosin, Academy for Military Aviation. (From Elektrichestvo, Moscow, No. 1, Vol. 
1940, pp. 8-14). 


ORIGINALLY the storage battery was used as a 
source of electric power on aeroplanes. Its 
advantage lies in the fact that it is independent 
on the speed of the aeroplane. 

As the use of electricity on aeroplanes 
widened—at present many pump motors, the 
motor for undercarriage retraction, operation of 
wing control surfaces, control of the airscrew 
speed, electric heating apparatus for the crew 
and various devices, wireless transmitter and 
receiver, temperature and pressure measuring, 
control of the fuel, automatic piloting devices 
need electric power—the size and weight of 
batteries became excessive. Dynamos have 
therefore been introduced, the biggest single 


units being 1500 W. Further increase in power 
is limited mainly by the voltage regulation 
devices. The dynamo is driven from the main 


Fig. 1 
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shaft of the aero engine and works in parallel 
with a battery. The dynamo supplies energy 
during flying, the battery when the main engine 
is not running. 

It is necessary to provide a quick voltage 
regulator because of the speed variations of 
the dynamo, and a minimum relay (or reverse 
current relay) for slow speed. 

For the further growth of electric power 
required in an aeroplane this system proved 
inadequate. The increase of electric power of 
a single aeroplane is shown, in Fig. 1, for the 
years 1918 till 1938. At present aeroplanes 
need a power up to 10 KW, and this value is 
rising, as many accessories formerly using 
mechanic, pneumatic, hydraulic energy are 
equipped with electric drive. Such acces- 
sories are gyroscopic devices, automatic pilot- 
ing apparatus, brakes, de-icing apparatus, etc. 

The main obstacle to increasing the electric 
output is the contact system of the voltage re- 
gulator, which is not adapted for heavy ex- 
citing currents. Regulating devices have be- 
come exceedingly complicated when more than 
two dynamos are working in parallel. A different 
solution of the problem has been taken over 
from the Zeppelins. The generating set is 
driven by a separate combustion engine. It 
is possible to use a d.c., an a.c. generating set or 
both together on one shaft. The battery be- 
comes superfluous here, so that the additional 
weight of the combustion engine is compen- 
sated by that of the battery. 

An important problem is the choice of 
voltage when dynamo and battery are working 
in parallel. It is important to find out the 
best voltage for the smallest possible weight of 
the whole electric plant. 

Comparative calculations have been carried 
out in order to find an optimum voltage be- 
tween 12 and 50 V, for which the weight of 
the electric plant will be a minimum. These 
calculations have proved that such a tension 
really exists. The weight of different parts of 
the electric plant is influenced in a different 
way by the voltage :— 


1. The weight of the dynamos, motors, in- 
candescent lamps, circuit-breakers, protec- 
tive switches and relays, etc., is approxi- 
mately constant, i.e. : 

G,=const.=k; 
2. The weight of an accumulator battery 
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weight in lbs. 
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Fig. 2. 


(Goat) for a certain capacity in watthours is 
composed of a constant part ko and a vari- 
able part k, U.k, is, for up-to-date aero- 
planes, 0.24— 0.48kg/V. Wecan write, where 
U=voltage : 
Goat=Ko +k,U. 

In Fig. 2 are shown the curves for batteries 
with a constant k, and an output of 0.5 and 
1.0kW for 5 and for 20 minutes. 

3. The weight of the wires, cables, screening 
aluminium tubes and junction boxes and 
the rest of the copper can be written 


k 
Guo +Gue +ke+ a 


The weight of the insulation, aluminium con- 
duits and junction boxes can be represented by : 
As a result we get the weight of the whole 
electric plant 

G=G,+ Goat + Ginp + Gonp + Gus = k 


k 
Ky + ky + ky U + ks +773 +7 


The optimum voltage (voltage for the alumi- 
nium weight) is then: 
Uopt = (Kp U2opt—ks) = 2k, (1) 

If we assume that the weight of the insulation, 
conduits and conduit boxes is inversely pro- 
portional to the square of the voltage we would 
get : 
k/, 

Gus = v 
the whole weight would be 


k! 
G=k+ko+kU+ks+ pp 





wh 


weight of battery and conductor in lbs. 
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where 
k' = k, + : 
dG 2k! 5/ 2k’ 
sore BT le.V LL 


In Table I, the constant k, which is almost in- 
dependent on the voltage within the limits con- 
sidered in the table, has not been taken into 
account. 


TABLE I. 


Calculation of the optimum voltage for 
the electric system of aeroplanes. 





Weight of | Increase in weight, 








Weight of |. = | Optimum Besse 
copper insulation , | voltage Cone if instead of the cal- 
aanatore conduits, | omiieans culated opt. voltage 
for 12 V conduit | - Uopt. 24 V or 12 V 
boxes, etc. | equation would be applied. 
i kg | kg 
2.9 1.24 | 125 14 2.07 0.42 
5.8 23 16 18 0.83 2.07 
14.5 62 | 225 24 0 10.4 
20.0 8.7 25 ae 0 16.6 
29.0 12.4 29 30 1.24 27.0 
43.5 18.7 33 35 4.15 45.5 
58.0 24.9 37 38 6.2 64.2 
87.0 37.4 43 44 12.4 | 101.0 
116.0 49.9 48 49 20.7 | 141.0 
145.0 62.0 53 52.51 28.0 | 180.0 




















Assuming that the copper weight is 70°, 
and the weight of the insulation, conduits, 
conduit boxes 30% of the distribution system, 
the curves in Fig. 4 show the weight of the 


weight of battery and conductor in lbs. 


0 SHE DB H 35 40 5 


Fig. 3. 
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battery, the distributing system, etc., as a func- 
tion of the voltage. The thick lines have been 
calculated with the constant k;, the dotted 
lines with the constant k‘. It is stated that 
for small and medium aeroplanes the optimum 
voltage is 24 V. This value is dictated in the 
first line by the weight of the conductors, 
insulation, conduits and only to a far lesser 
extent by the constant k,. This proves that 
the optimum voltage, if taken approximately 
and within certain limits is independent on 
the watthour capacity of the battery, and that 
even if the capacity and weight of the battery 
is altered, it will be of no great importance for 
the optimum voltage. It can be seen in the 
table that for heavy aeroplanes the optimum 
voltage is 60 V and more. A battery is im- 
practicable for higher voltages, and we get a 
higher value for the optimum voltage. In Fig. 
5 the weight of the conductors for d.c. and a 
tension of 12 V is considered to be 100% ; the 
weight of the same distributing system for 
different voltages and one-phase current can 
be taken from the curves. The weight for 120 
V will be only 10%, and this voltage has been 
introduced for heavy aeroplanes and zeppelins, 
a special generating set driven by a small com- 
bustion engine being used. As a consequence 
of the abolition of the battery it becomes im- 
perative to review the question, if d.c. or a.c. 
should be applied. 

There were two principal advantages for 
the d.c.: first the possibility of storage and 
secondly better characteristics of the d.c. 
motors. The first advantage holds 
for small and medium-size aero- 
planes, where a special generating 
set would be too heavy. Thesecond 
advantage is not very important, as 
speed and other kinds of regulation 


% of weight. 
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Fig. 4. 
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Frequency in c.p.s. 
Fig. 5. 


are seldom required from aeroplane motors. 
A.C. can easily be transformed into any voltage 
required, there are no sparking commutators, 
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Frequency. 
Fig. 7. 
and interferes less with the wireless. Another 
advantage consists in the possibility to supply 
each case with its special optimum voltage. 


efficiency and cos + 
weight of filter in kg. 





torque in foot/Ibs. 
Fig. 8, 
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% of weight. 
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Frequency in c.p.s. 
Fig. 6. 
The weight of a transformer of 50 cycles per 
second and 120 W is about 0.09 kg/W. 


The opinion is general that a.c. is more 
suitable for big aeroplanes. There arises the 
problem of its frequency. If the frequency is 
rising the weight of the active iron of the trans- 
former will diminish. 


In Fig. 6 curve 1 shows the constant iron 
losses and curve 2 the constant specific losses. 


In Fig. 7 the weight of a transformer of 1 
KW is shown for different frequencies. The 
weight for 60 c.p. second is taken as 100%. 
The efficiency of a transformer increases up to 
a frequency of 200,000 c.p.s. (Fig. 8). Fre- 
quencies of 800-1000 c.p.s. have a disturbing 
effect on the human ear, but experiments have 
proved that a source of a.c. of 800 c.p.s. feed- 
ing the anodes and cathodes of a wireless re- 
ceiver are less disturbing than when the set is 
fed from a converter and battery. A higher 
frequency has also a good effect on the weight 
and electrical factors of electromotors. 


top of plasts 
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Frequency in c.p.s. 
Fig. 9, 
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A higher frequency makes it easy to build 
motors for high speed and this is very favour- 
able, especially for aeroplane motors. Most of 
them work only for short periods, a very light 
construction therefore being sufficient. 

The number of phases affect the weight 
of the motors and distributing system. It is 
stated that the weight of a three-phase motor is 
only 52% of the weight of a one-phase motor 
for the same output, voltage and frequency. 
Three-phase motors are often of the squirrel- 
cage type, one-phase motors are of the syn- 
chronous type and have a condenser for start- 
ing. 
sn Fig. 9 the characteristics of two motors 
can be compared. The thick lines are cha- 
racteristics of a three-phase motor, 1.5 HP, 
360 c.p.s. two poles, 21600 r.p.m., the dotted 
lines are characteristics of a 4-pole, one-phase 
motor, 1.5 HP, 600.c.p.s., 24000 r.p.m: Cost 
of both motors is about equal, efficiency of the 
three-phase motor is better, the weight of both 
about the same, but the one-phase machine 
needs a condenser and a centrifugal cut-out 
for the condenser. Therefore, the three-phase 
motors have proved to be superior to one-phase 
motors. 

On the contrary the weight of the conductor, 
switches, circuit-breakers is greater for three- 
phase current. For instance, the weight of 
the insulation of the three-phase system is 
22.5%, greater than of the one-phase system. 


THE NOSE-WHEEL, PRO AND 
CONTRA 
By V. W. BALLERSTED. 

(From Flugsport, Frankfurt a.M., No. 5, 1940). 
THE author describes the difficulty of a regular 
landing with a normal undercarriage; the 
master pilot succeeds in putting the machine 
on the ground without making use of the shock- 
absorber. Wéith a rather protruding tail wheel 
which touches the ground together with the 
wheels, one avoids a “‘ pancake ” landing, but 
the landing speed being too high, the length of 
landing run becomes prolonged and the taking 
off is rendered more difficult. The tricycle 
undercarriage, with a nose wheel and the two 
principal wheels behind the centre of gravity, 
facilitates a safe landing in any weather, also 
when visibility is poor, but it augments the 
weight considerably. In most cases and with 
experienced pilots it is best to maintain the 
normal undercarriage with tail wheel. 
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For the feeding of the wireless plant the 
three-phase current is more favourable, the 
one-phase current requiring a heavier filter for 
the rectifier (Fig. 10). 


Conclusions: For parallel working of 
dynamos and battery the optimum voltage is 
24 V. If the source of electric power is an 
alternator driven by a special combustion 
engine, the optimum voltage is 120 V. The 
results are the same for 300-400 c.p.s. for three- 
phase current and 600-800 c.p.s. for one-phase 
current. For the choice between these two 
systems there has to be considered the weight 
of the motor, distribution system, circuit 
breakers, switches, conductors, insulation, wire- 
less plant, etc. It is stated that if 


0.0262 x output of the transformer in W 


0.72 x output of the motors with short time 
rating is > 1, three-phase current should be 
applied, if < 1, one-phase current is more 
suitable. 





For the distributing system, if 


difference of all conductors. circuit- 
breakers, protecting gear of the two systems 
weight of the centrifugal cut-out for the 
condensor 
in this fraction is > 1, one-phase current is 
preferable, if it is < 1, three-phase current is 
better. 


INCREASE IN AIRCRAFT AND PILOTS 
IN THE U.S.A. 

ACCORDING to the June issue of the “ Civil 
Aeronautics Journal,” Washington, the 
number of pilots has increased 128°, since 
the beginning of 1937. On May 1, 1940, 
there were 33,740 pilots holding various grades 
of Civil Aeronautics Authority certificates, as 
compared with 25,050 on May 1, 1939, and 
14,805 on January 1, 1937. 

These figures do not include student pilots, 
among whom are the participants in the 
Authority’s Civilian Pilot Training Program. 
This program scheduled for completion by 
June 30, 1940, will add in excess of 9,000 new 
private pilots to the above total. 

On May 1, 1940, there were 12,829 certifi- 
cated aircraft as compared with 10,724 on 
May 1, 1939, and 9,072 on January 1, 1937. 
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GERMAN MACHINE TOOLS 


HYDRAULIC CHANGE GEAR. 


(From DRP. 670.574; Owned by Gebr. 
Heller, Wiirtingen). 


THE electric prime mover (1 in Fig. 1) drives 
the shaft (3) of the reversing coupling by a 
cone belt (2). The gear driven pump (4) of 
the hydraulic control is mounted on the same 
shaft (3). The coupling (7) when moved down- 
wards by the fork (5) above the piston (6) puts 
in operation the gear wheel (8), and when 
moved upwards it operates gear wheel (9). 
The latter engages with the intermediate gear 
wheel (10), which in turn drives gear wheel 
(12), which is mounted on the shaft (11). The 
shaft (11) is coupled to the shaft (3) through 
gear wheels (13) and (8) mounted on the re- 
spective shafts. According to the clutch setting 
(7), the shaft (11) rotates in one or the other 
direction and, hence, the gear wheel (14) 
sliding on the shaft (11) rotates in the same 
direction. The gear wheel (14) is moved by 
the fork (15), which is operated by the piston 
(16). Gear wheels (17) and (18) are similarily 
operated by the pistons (19) and (20) respectively 
The tool spindle, e.g., driller spindle of a 
radial drilling machine is indicated with (21). 





The pressure pipes conveying the fluid to the 
one or the other side of the pistons (16, 19 and 
20) are connected to a rotary slide valve which 
acts as a distributor (23). This distributor is 
adjusted by a hand wheel (24) and the pressure 
transmitted by the fluid in the pressure pipe 
(25), which is pumped by a gear driven pump 
(4). The distributor setting arranges the 
pressure to act on the suitable side of the 
pistons (16, 19 and 20). 

To reverse the coupling (7), a hand wheel 
(26) and.a rotary slide valve (27) is used, 
which direct the pressure transmitting fluid to 
act above or below the piston (6). 

The distributor (23) is set to the required 
transmission ratio by means of a suitable 
number of divisions on the hand wheel (24). 
This is done when the machine is stopped. 
That the slider shall only be moved during 
stand still is achieved with the aid of a detent 
pin (28) which is governed by the hydraulic 
pressure of the fluid. 

According to the distributor setting sliding 
of the pistons (16, 19 or 20), and thus sliding of 
the gear wheels takes place. This sliding 
movement is terminated when the pistons or 
wheels reach the limiting positions fixed by 


5 2 


Fig. 1. 
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stops. At this stage an increase in pressure 
starts through the pipe (29). When this 
pressure overcomes the opposing force acting 
on the piston (6) and set to the required value, 
the sliding of the coupling parts starts. Thus, 
reversing takes place. The magnitude of the 
opposing pressure is indicated on the spring 
indicator (30). 

If during the sliding of the pistons the rela- 
tive positions of the gear wheels is such, that 
they cannot engage (e.g., the teeth of the wheels 
are pushed against each other), then since 
further sliding is prevented the pressure in- 
creases and coupling starts to slide. This 
effects a rotation of the pinion, until such a 
position that engagement of the toothed gears 
can take place. Now, since the sliding of the 
pistons can continue, the increased pressure 
vanishes and will only start again when the 
toothed gear wheels are in the correct position. 

This patent, as we can see, eliminates the 
faulty changing of gears, and takes care that 
the operating of the clutch and the changing of 
the gears takes place in the right order. 

The invention of F. W. Borgward, Bremen, 
DRP. 673.660 employs throttle valves and flap 
valves for hydraulically operated machine tools. 
The advantages attached to this invention are 
threefold as given by the inventor : complete 
standstill at any required position, adjustability 
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of the speed of the forward stroke, and a quick 
return stroke. 

Fig. 2 gives three illustrations of this method. 
The piston (b) attached to the piston rod (c) 
is sliding in the fixed cylinder (a). A gear 
driven pump is placed in the cylinder, and 
hence, the piston is moved by pumping the 
oil in the cylinder from one side of the piston 
to the other through the channels (i) and (k). 
The pump is driven by the piston rod, which 
can rotate freely in the piston. The prime 
mover (g) is connected to the rod (c,) by a 
sliding coupling (n). (c,) is the extension of the 
rod (c). 

Fig. 2b. The piston rod which carries the 
tool is extended beyond the tool. It rotates in 
roller bearings (q), and is driven by the prime 
mover (g). The cylinder is fitted with an over- 
flow channel (r) and an opening (s) through 
which it can be refilled with oil. A valve (t) 
which can be adjusted by hand is fixed in the 
channel (r). When this is open the oil in the 
channel and in the cylinder at both sides of 
the piston is in free communication. Hence, if 
the valve is opened, the spring (m) which is 
pressing against the cylinder forces the piston 
back to the initial position without operating the 
prime mover. 

The hole (v) is fixing the length of the 
stroke, since it is drilled so that when the 
cylinder has moved far enough to uncover it, 
the pumping of oil from one side of the piston 
to the other will not be accompanied by any 
further movement of the piston, since the oil 
will simply flow back through this hole to the 
other side of the piston. 

The valve (t) can also be used to regulate 
the speed of the piston advance. If (t) is 
slightly open, part of the oil pumped to the 
front of the cylinder will flow back through the 
channel (r) and, hence, the speed of the piston 
will be reduced. 

Fig. 2c illustrates the arrangement to obtain 
a slow forward stroke and a quick return stroke. 
While the pump is forcing the oil from a, to 
a», i.e., during the forward stroke the flap valve 
(w) is closed and the oil can only flow through 
the small hole (x) drilled in the flap valve. 
Hence, the piston speed during this period is 
very small. During the return stroke the flap 
valve opens and the pass of flow is now (k) 
and (i). Hence, the sliding of the piston in 
this direction is very quick. 
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HYDRAULIC MACHINES. 


(Invention by F. W. BorGwarp, Bremen, 
DRP. 670.547). 


Fic. 1 shows partly in section the arrangement 
of a miulti-spindle drilling machine. The 
prime mover (f) is placed in the hollow pedestal 
(a) of the machine. The work table (d and e) 
attached to a cylinder can slide in a vertical 
plane on a fixed piston (1). A pump (0) is 
placed in the cylinder mounted on the shaft 
(m), which is driven by the prime mover through 
the belt pulley (h and n) on the shaft. The 
fluid (oil) is pumped through the channel (p) 
to the back of the piston and hence the cylinder 
and, thus, the table is lifted. To lower the 
table, the valve (r) is opened by turning the 
handle (q), and, hence, the oil is force through 
the channel (s) to the hollow part in the cylinder 
(t) and from here back to the front of the 
cylinder through (u). 
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JOINT AND SEAL ARE COMPACT. 
U.S.A. Patent No. 2,192,588, assigned to 
Curtis Pump Company. 
(From Machine Design, July, 1940). 
IN direct-connected pumps like those used in 
aircraft for pumping gasoline, it is necessary to 
provide adequate seals against leakage of both 
gasoline from the pump and oil from the engine. 
Also because pumps of this type have no ad- 
justment for wear it is important that no strains 
are encountered from any condition of mis- 
alignment of the drive. For this service 
Frederick W. Heckert has designed the pump 
shown in Fig. 1, embodying a close-coupled 
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Fig. 1. 

drive with universal joint and seals. Since 
pulsating characteristics of an engine would 
cause chatter in conventional universal joint 
designs, the joint used employs close fitting 
tongue and groove members and a spherical seat. 

Hub on the inner end of drive shaft is trans- 
versely slotted. A similar slot is on the facing 
end of the pump rotor. Between the two is a 
fitted coupling member with tongues at right 
angles. A flange on this member butts a 
spherical washer seated in a matching recess in 
the driven shaft. This washer allows parallel 
displacement by transverse shifting and angular 
displacement by shifting of the spherical face. 

A heavy coil spring is under considerable 
initial compression between face of coupling 
member and a flange on the drive shaft. This 
presses the front face of a sealing cup against 
a sealing washer to prevent leakage from the 
pressure chamber surrounding it. Contacting 
faces are carefully ground, lapped, honed and 
polished. 
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Any slight leakage which may get through 
this joint accumulates in a recess behind the 
seal and passes through notches to a drain. 
Leakage either way along the shaft is retained 


by a secondary packing washer held in place 


by a washer and spring clip. This seal is 
designed to allow movement of shaft resulting 


from misalignment. 


ELECTRIC CARBURIZING FURNACE PLANT FOR NITRIDE 
HARDENING OF STEEL 
By W. Mater. (From Elektrotechnik und Maschinenbau, Vienna, Nos. 9/10, Vol. 57, pp. 126-129. 


IT is common practice in the motor and 
machine tool industries to use hardened sur- 
faces for those machine parts which are ex- 
posed to great pressure or high speeds. Usually 
case hardened high quality chromium nickel 
steel is employed. A difficulty may arise if 
soft spots occur on the surfaces due to air or 
steam bubbles which prevent uniform and 
rapid quenching of all parts. This may lead 
to corrosion or wear. Sometimes expensive 
after treatments are necessary for work pieces 
which suffered distortions during the quenching. 
If these defects are excessive the work piece has 
to be replaced. Hence for economical reasons 
tempered steel has to be used, which, however, 
has only a low resistance against wear and tear. 

All these disadvantages are overcome by 
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Fig. 1 


the nitride hardening process. If iron is 
heated in ammonia at about 500° C. then the 
ammonia dissociates into hydrogen and nitro- 
gen, which latter shows a great affinity to the 
iron and is diffusing in its surface Above the 
entectic temperature (about 590° C.) various 
types of nitrides are formed. Although the 
surface of the pure steel shows an increase in 
hardness, it has the disadvantage that it be- 
comes brittle. 

If, however, certain alloys of steel are used 
instead and the temperature is kept below the 
appropriate entectic temperature, then a very 
hard surface is obtained without becoming 
brittle. Fig. 1 shows the hardness in Firth- 
units plotted against the depth of the work 
piece. 

The hardness in Figs. 1 and 3 is shown in 
100 Firth-units measured with a Firth hardness 
testing machine. This testing machine is 
especially fitted for case hardening surfaces, 
the depth of the penetration of is diamond 
point being only 0.025-0.004 mm. and its pres- 
sure 30 kg. The point does not penetrate into 
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the softer inner layers as in the case of the 
Brinell and Rockwell hardness testing machines. 
Up to 400 Brinell units the two scales are equal, 
but for higher values there is a difference, e.g., 
1000 Firth-units is equal to 900 Brinell units. 
It can be seen from Fig. 1 that the hardness 
is gradually entering the soft core and hence 
bursting of the surface parts is very improbable 
up to a pressure of about 7000 kg/m2. The 
soft spots are also eliminated, since the am- 
monia surrounds the work piece from all sides. 
The thickness of the hardened layer depends 
on the duration of the treatment (Fig. 2). © 
Fig. 3 shows that the nitride hardened parts 
kept their hardness even when annealed to a 
high temperature. Hence as a result of the 
resistance to annealing and the great hardness 
of the surface they can be exposed to higher 
temperatures, and consequently they have a 
longer working life. As there are no stresses 
in the work pieces due to the hardening pro- 
cess they do not suffer distortions even after a 
long storage and they are not deteriorating 
with age. This is a very important require- 
ment for measuring instruments and precision 
machinery. Also the nitrated surfaces have 
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an increased resistance to corrosion except for 
the effect of inorganic acids. Moreover, this 
process provides a good protection against 
fractures because frissures due to the harden- 
ing process are non-existent. 

The nitride hardening process is very 
simple. The finished and cleaned machine 
part, free from grease, is put into a case of 
special heat and ammonia gas resisting steel. 
The case is then heated in an electric furnace to 
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Fig. 4. 


a temperature of about 500-520° C. and left in 
the furnace at the same temperature for about 
20-29 hours according to the required thick- 
ness of the hardened surface. A small quantity 
of ammonia gas is introduced through the 
case continuously. The case is next cooled 
gradually. The -work pieces are ready for 
immediate use. 

Those parts of the surface which have to 
remain soft are covered with tin previously. 

Since it is very important to keep the 
temperature constant and uniform in the casing, 
electric furnaces are the most appropriate. 
(Electric nitrating furnaces). An _ effective 
heat insulation of the casing must be provided, 
because of the long duration of the process. 
The furnace is fitted with an automatic tem- 





Fig ,5 
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perature regulator. The casing has a removable 
cover fixed by screws and made gas-tight by a 
heat and ammonia resisting joint. There are 
openings on the casing for the gas inlet and 
outlet tubes, and for a pyrometer tube as well. 
For larger units it is advisable to use a fan to 
increase the air circulation inside the furnace 
to provide a uniform temperature at all parts 
of the furnace. 

Fig. 4 shows an electric nitrating furnace 
fitted with a fan. The fan as well as the guides 
for the air circulation are made of heat resisting 
steel. The air is forced to circulate between 
the heating coils and the hardening case. 

For still larger units, the furnace consists of 
a socket and a removable cover. A sand pack- 
ing serves as insulation between the two parts. 

Fig. 5 shows a large electric nitrating fur- 
nace, with a removable cover. 
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The heating coils are mounted on the cover. 
Usually one cover and two sockets form one 
unit ; as soon as one charge has been finished 
the cover is fixed to the second socket which 
has been meanwhile charged with a new work 
piece. With this arrangement the cover keeps 
its temperature continuously and only the 
socket and the charge has to be heated. The 
fan is placed inside the nitrating case in the 
new type of furnaces so that it ensures not only 
equal temperatures but equal distribution of 
the gas as well. There are several measuring 
sets, etc The dissociation should proceed 
rather to a high degree, but it must not exceed 
a certain limit, because then the nitrogen 
already absorbed by the iron is again reduced 
by the hydrogen. All electric and chemical 
measuring instruments are grouped on a panel 
board. 


HIGH SPEED STEEL TOOLS FORGED IN THREE DIMENSIONS 


By Diet. ING. H. BALSTON and Dr. PH. W. LEMcKE. (From TZ fiir praktische Metallbearbeitung, 
April, 1940, pp. 175-179). 


The reason for investigations. 
DurRING the series production of steel and 
cast iron machine parts, the fact was always 
established that the high speed steel tools 
present extraordinary differences in their re- 
spective efficiencies. Various factors may ac- 
count for this behaviour. 
' With similar texture development and hard- 
ness of the tools, the increased purity (elimina- 
tion of slag from the steel) was always accom- 
panied by an increased working life of the high 
speed steel tools. From what follows it will be 
seen that if, apart from the above mentioned 
precaution, high speed steel tools “ forged in 
three dimensions ” are being used, then the 
efficiency is further increased with a consider- 
able amount. The term “forged in three 
dimensions ” is used for discrimination from 
the usual forging, which only takes place in 
two dimensions, whereas the first mentioned 
method includes jolting in the third dimension 
too. This method gives a very uniform carbon 
distribution in the texture of the metal. 
Method of investigation. 

Experiments were carried out on 40 tools, 
grouped in 4. The appropriate tool castings 
were of chemically identical metals. After 
forging they were finished off in the Ford 
Works, The hardening and annealing of the 


tools were identical, so that no appreciable 
difference in the efficiencies should be attributed 
to these factors. 

The working conditions of the tools in the 
same group, particularly the speed, advance, 
pressure, etc., were kept between the same 
limits too, so that the total increase in the 
efficiency was to be credited to the differences 
in the forging. 

The output of each tool until it became 
blunt, was carefully noted for each individual 
tool. The cutting edges were examined under 
a binocular, and the grinding which followed 
was limited to the very necessary extent. The 
length ground off was also noted, by measuring 
the length of the tool before and after grinding. 

It might be interesting to know that the 
experiments covered a period of about 10 
months. All specimens were analysed .and 
metallurgically examined after use. 

The results were tabulated to simplify the 
comparison of the various kinds of tools. 


TABLE I. 


(A) Type of tool : formed turning tools. 
(1) Composition : 
C. Cr. V W Mo Co 
1.24% 4.43% 3.95% 12.5% 0.85% 0.0% 
(2) Heat treatment : Heating in salt water up to 
1260°C., quenching in thermal bath at 550°C., cooling 
in the air, annealing for three hours at 550°C, 
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(B) The work piece : Tempered crankshaft. 
(1) Composition : 

c Mn Si P S Mn 
038%, °° B55% O2% max. max. 0.65% 
0.42% 0.75% *~0.2% 0.03% 0.04% 0.75% 

(2) Brinell hardness : 402-444 Hn. 
(3) Ultimate strength : 140-160 kg/mm.° 


Hardness | | 
: Carbon | Output/mm' No. of 
en Forging | distrib. | grinding output 





65 Three 
dimens. 


66 standard | line 
| struct. 


uniform | 85 shafts | 3.70 





54 shafts 





65-66 not | net 23 shafts 


sufficient | shaped 
| struct. 














Notes: (B) Slightly brittle. 
(C) Fractured on the 14th day. 


TABLE II. 


(A) Type of tool : plain milling cutte1. 

(1) Composition : 

Cc Cr Vv WwW Mo Co 
0.89% 460% 2.67% 12.06% 0.45% 0.5% 

(2) Heat treatment : Heating in salt water up to 
1270°C., quenching in thermal bath at 550°C., cooling 
in oil at 550°C., annealing for four hours at 550°C. 
(B) The work piece : Standard annealed gear wheel. 

(1) Composition : 

Cc Mn Cr Si P S 
0.38%, 0.05% 09% 01% max. max. 
042% 075% ~0% 02%: . 0103 004%, 

(2) Brinell hardness : 170-196 Hn. 
(3) Ultimate strength : 60-70 kg/mm.” 
= Hardness May aoe 


Tool we Forging distrib. 


SE POSE 
grinding output 
D | 66 | Three | finely |270 whls.| 4.10 
dimens. | distrib. 





E 65 





standard | strong | 158 whls.| 2.40 
linear 
constr. 





not rough | 66 whls. | 1.00 
sufficient net 


struct. 




















Notes: (F) Teeth of the miller partly broken out. 


TABLE III. 


(A) Type of tool : three groove driller. 

(1) Composition : 

C Cr V W Mo Co 
088% 4.11% 2.11% 11.99% 1.02% 0.19% 
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(2) Heat treatment : Heating in salt water up to 
1270°C., quenching in thermal bath at 550°C., cooling 
in oil at 25°C., annealing for three hours at 550°C, 
(B) The work piece : Cast iron cylinder block. 

(1) Composition : 

Cc Mn Si Cu Pr S 
3.20% 0.60% 1.8% 0.40% 0.25% max. 
3.50% 0.80% 2.1% 0.60% 0.32% 0.10% 

(2) Brinell hardness : 180-210 Hn. 

(3) Ultimate strength : (10/1000/30). 


Hardness 
Tool om ee Forging 


Carbon iceteeionn! No. of 
distrib. grinding output 
H 64 Three | unifoim,| 83 holes 
dimens. fine 





K 65 





standard line 50 holes 


struct. 





L 65 not net 28 holes 
sufficient | shaped 


struct. 




















Notes: (L) The cutting edges broke frequently. 


TABLE IV. 


(A) Type of tool : broach. 

(1) Composition : 

Cc Cr Vv W Mo Co 
0.87% 393% 243% 12.21% 1.31% 4.82% 

(2) Heat treatment : Heating in salt water up 
to 1280°C., quenching in thermal bath at 550°C., 
cooling in air, annealing for six hours at 550°C. 
(B) The work piece: Standard annealed gear wheel. 

(1) Composition : 

Cc Mn Cr Si P S 
0.38% 0.65% 09% 0.1% max. max. 
O42Y, - (0.75%. 13195. 102%. "0.03% 0.04% 

(2) Brinell hardness : 170-196 Hn. 

(3) Ultimate strength : 60-70 kg./mm.” 





Hardness ‘ i 
. : Carbon Output/mm No. of 
Tool _— Forging | distrib. grinding output 


M | 65 Three finely 4216 whls. 3.85 
dimens. | distrib. | 





66 | standard | strong 4046 whls. 2.16 
| | linear | 





N 


65 | not | rough |1872 whls.! 1.00 
sufficient) net | | 





| 

| | 

| | | struct. | 
| 

| 

| 








Conclusion. 

The performance of the high speed steel 
tools depends in the first place on the quality 
of forging. The tools forged in three dimen- 
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sions are much superior to the others, especially 
if the castings underwent upsetting during the 


forging process. 
The costs of the processes when compared 
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with the efficiency of the tools are negligible. 
Apart from this the production costs are 
lowered by the less frequently needed changing 
of tools and grinding (saving in time). 


VENTILATION EQUIPMENT FOR LONG ROAD TUNNELS 


By Pror. Dr. ING. E. NEUMANN. 


(From Zeitschrift des Vereines deutscher Ingenieure, No. 14° 


Vol. 1940). 


Tue method of ventilating tunnels used for 
road traffic is dependent upon the length of the 
tunnel and upon its position, gradient, etc. 
Generally a system of ventilation by means of 
fans is necessary when the length of the tunnel 
exceeds 0.75 mile. 

The requisite quantity of air to be supplied 
is based upon the maximum carbon-monoxide 
content permissible. Nowadays, most venti- 
lating plants are designed upon a maximum 
content of 0.25 per mile. The carbon-mon- 
oxide content in the exhaust gases from car 
engines is dependent upon the horse-power of 
the car and upon the speed at which it is driven. 
The requisite air quantity is generally expressed 
in terms of volume per mile of tunnel. 

There are three methods adopted for venti- 
lating tunnels of this description, which are as 
follows :— 

1. Longitudinal Ventilation : 

A vertical duct in the middle of the tunnel 
introduces or extracts air from the tunnel. 
The draughts due to the resultant movement 
of air from the ends of the tunnel towards the 
centre (or vice versa) are one of the chief dis: 
advantages of this system. 








| ad, 
SY 


Fig. 1. Upward flow system. 


FRESH AIR 


2. Half-Cross Ventilation: 

Fresh air is introduced from a duct carried 
along underneath the roadway and extracted by 
means of another duct connecting to some out- 
lets at the top of the tunnel. The velocity of 
the air in this type of system should not exceed 
600 ft. per min. This type of ventilation 
scheme was used on the Mersey Tunnel, 
Liverpool. 


3. Cross Ventilating : 


(a) From below to above. 
(b) From above to below. 


Type “ a” was used on the Holland Tunnel, 
New York, and the Schelde Tunnel, Antwerp. 
A main fresh air duct is carried along the bottom 
of the tunnel and an extract duct at the top of 
the tunnel, extracting from grilles or’ slots at 
regular intervals. 

Type ‘“‘ b” is the proposed method for use 
on the Titlis Tunnel in Switzerland. 

According to Rietschel, air should be blown 
in the opposite direction to its natural move- 
ment by gravity, in order to obtain an even 
distribution in the whole room. It is doubtful 
whether a tunnel can be considered as a closed 
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Fig. 2. Downward system of air flow. 
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room or whether there is a gravity movement © 


inducing the air to rise. The exhaust gases 
from the cars are rapidly mixed with the 
surrounding air and, consequently, little or no 
gravity movement takes place. The gases leave 
the back of the car and form eddies which rise 
quickly, thus a fairly large amount of carbon- 
monoxide exists at a height of 3 to 6 feet above 
the roadway. 

This concentration of carbon-monoxide at a 
level occupied by the driver is very unsatis- 
factory, but it may be effectively eliminated by 
introducing fresh air from above and extracting 
the vitiated air at the sides of tunnel. The 
added advantages is that a certain amount of 
dust is exhausted at the same time. This 
feature is especially desirable in tunnels and 
mountain roads, where large quantities of dust 
and mud accumulate after storms and rains. 

Data on design of tunnel ventilating plant 
is to be found in Swiss periodicals which 
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enables the flow resistence and pressure drop 
in the ducts together with the dimension of 
fans and motors to be calculated. 

Permissible air velocity in vertical rising 
ducts is 16 m. per sec., and the velocity in the 
horizontal ducts along tunnel walls 10 m. per 
sec. 

The change in pressure drop caused by the 
influence of meteorological changes has to be 
taken into account, these in turn being depen- 
dent upon the length of the tunnel. 


The most efficient form of ducting, connect- 
ing the fans and the horizontal trenches in the 
tunnel, are best found by tests on small scale 
models, which can also be used for finding the 
most favourable division into zones and the best 
air entrance velocities. 

It is, at present, under investigation as to 
what influence traffic occupying the tunnel has 
upon the resistance of the tunnel space itself. 


DISTRICT HEATING PLANTS 
By Inc. H. SCHILLING. (From Deutsche Bauzeitung, No. 4, Vol. 74, pp. 40-43). 


THE district heating plants can equally well be 
used for heating factories, hospitals, etc., or a 
large number of private houses. In the plants 
either hot water or steam is produced, the 
latter case being more usually adopted. 

It is not generally known that the, first 
district heating plant was designed and in- 
stalled in 1876. It was in the town of Lock- 
port, in the U.S.A., and supplied 14 houses 
with heat. In 1911 there were 350 consumers. 
The first district heating scheme in Germany 
was installed in Dresden in 1900, others followed 
during the years 1921-1922, and there are, 
approximately, 25 district heating plants at 
present. 

There are various types of steam generating 
plants. Very frequently the exhaust steam of 
turbines or other steam engines is used for the 
district heating plant. The condensed water 
is usually returned to the steam generating 
plant. 

The scheme of a district heating plant is 
shown in Fig. 1. The pressure of the steam 
is reduced by a throttle valve. The steam is 
now used in a calorifier for warming the water 
of a hot water heating system. The steam 


supply is controlled by a thermostatic valve. 
The condensate is flowing over a notch or 
other water meter into a tank, provided with an 
overflow pipe. From here it is pumped back 
to the steam generating plant. The pump 
used is a centrifugal pump, mechanically 
coupled to an electromotor, which is provided 
with an automatic switch gear. As the tem- 
perature of the condensates is usually below 
120°F. the return pipes need not to be in- 
sulated. 

The measurement of the heat supplied to the 
hot water heating system is generally performed 
by measuring the quantity flow and determin- 
ing the difference in the temperatures between 
the go and return pipes. The multiplication 
of these two figures gives the quantity of heat 
supplied. Accurate results can only be ob- 
tained by using automatic registering instru- 
ments. 

The district mains are generally put in 
channels and have to be designed and laid out 
very carefully. Expansion joints are to be 
used every 120-180 feet, if the steam mains are 
quite straight. The pipes are fixed half way 
between the expansion joints, the latter being 
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put in little boxes. The most common type of 
expansion joint is the expansion loop, welded 
throughout. The expansion of the pipe over 


the above mentioned length is approximately 
2-4 inches, varying with the temperature of the 
steam flowing through it. 
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4 Steam reducing valve. 7 Control valve. 10 Condense water meter. 
8 Heating Calorifier. 11 Condense water tank 
9 Hot water storage calorifier. 12 C.W. pump. 


1 Valves. 
2 Water separator. 5 Pressure gauge. 
3 Steam strainer. 6 Steam trap. 


THE PRODUCTION OF GAS BY OIL AND TAR CRACKING IN 
GAS WORKS RETORTS 
(From Journal des Usines a Gaz, No. 6, Vol. 64, March, 1940, pp. 81-88). 


finally benzene becomes the most important 
constituent. Naphthalene is at a maximum 


THE war has caused a rapid increase in the de- 
mand for gas. The use of compressed gas is 


expensive and not practicable in small works, 
and this has led a French committee to review 
the possibilities indicated by the title. 

What is known in America as gas-oil is a 
mixture of hydrocarbons, mainly in the range 
CioHog to CygH 34, which distils somewhere 
between 390 and 750°F and varies in specific 
gravity from 0.835 to 0.890. When this oil 
is cracked at temperatures between 930° and 
1830°F “ oil gas ” is liberated and tar is pro- 
duced which approximates in composition to 
gasworks tar as the cracking temperature is 
increased. This last mentioned factor is im- 
portant: below about 1150°F practically no 
decomposition occurs; from that point to 
1470°F the proportion of benzene and xylene 
gradually increases at the expense of toluene ; 


around 1380°F and anthracene begins to appear 
at 1470°F. Towards 1830°F complete de- 
composition occurs into hydrogen and a carbon 
deposit ; at all temperatures some of the latter 
is present. 

The main influences on the cracking con- 
ditions of gas-oil by itself are the temperature, 
pressure, presence of foreign bodies able to act 
as catalysts, rate of feed and volume of the de- 
composition chamber. The dependence of 
thermal efficiency and calorific value on tem- 
perature is shown in Fig. 1. 

The thermal efficiency of the cracking pro- 
cess is higher when water-gas is present’ with 
the oil-gas ; indeed often more so in actual in- 
dustrial application than experiment would 
lead one to expect, possibly because steam 
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carried along with the water-gas reacts with 
the deposited carbon to produce nascent carbon 
monoxide and hydrogen, whose re-activity 
with the other carbides resulting from the 
cracking process is increased. Any kind of oil 
can be cracked as long as it contains enough 
hydrogen, and for many years oil gas produced 
in this way was used for train lighting. 

Apart from this, oil gas has not previously 

been used in France even during the war of 
1914-1918, but in Roumania at that time the 
shortage of coal and local abundance of 
petroleum led to experiments on the subject, 
and in 1922 Mons. Dacosta of the Bucharest 
gasworks described an instalation in which 
retorts heated to 1470°F and fed with oil at 
the rate of 22 lbs. per hour were each yielding 
some 8475 to 12,710 cu.ft. of gas per day. 
Twelve years later experiments were ‘ 
begun in France, and in 1936 Mons. 00 
Mollard of the Verdun gasworks read 
a paper which dealt firstly with a 
system of steam injection into vertical 
retorts to produce mixed but non- 3 
carbonised gas, secondly with aq 
successful technique for making * 
cracked gas by the use of steam & 
atomisers to inject oil into the upper S 
half of each chamber during the last x 
two hours of carbonisation. For this 
purpose light fuel oil proved to be 
the most suitable, and a plant so° 
equipped produced 5.3% more gas 
than one fitted for simple steaming ¢ 
only, the yield amounting to 
11.4 cu. ft. of gas per pound of oil. 
The temperature levels observed were 
1650°F before, 1150°F during and 
1040°F at the end of the injection of 
the oil and steam mixture. 

An article in the American Gas Fournal of 
August, 1939, described a method which pro- 
duces large volumes of gas of high calorific 
value by injecting into a gas furnace an atomised 
mixture of cold petroleum with steam super- 
heated by passage through a recuperator ; this 
causes almost total cracking of the oil, without 
accumulation of soot. The re-action which 
takes place is thought to be represented by— 


CirHss i 4 H,O a C,H, ate 4 CH, + C,H, 
°. tar 
+2CO + CO, + 8 H, 


DIGEST 


Another article in the same journal of the 
same date refers to the cracking of oil mixed 
with steam in retort chambers containing their 
usual charge of coal. The oil is pumped to 
the atomisers under a pressure of 12 Ibs. per 
sq. in. through a regulator, and steam is ad- 
mitted at 50 Ibs. per sq. in., using orifices of 
1/39 in. and 3/g4 in. diameter respectively. The 
consumption of oil was from 3.1 to 3.7 lbs., and 
of steam 4.5 Ibs., per 100 cu. ft. of gas produced. 

A Swiss report published in 1933 made re- 
ference to the cracking of tar in horizontal, 
vertical or inclined retorts. The system 
adopted was to inject steam at the base of the 
chamber during the last few hours of the car- 
bonisation process so as to produce water gas, 
while at the same time atomised tar mixed with 
steam was injected at the top which served to 


20.000 
cal, 


Cracking temperature. Fig 1. 


carburet the water gas. Chambers so used 
must have two outlets for the gas, one at the 
top and one at the bottom, in order to maintain 
intimate contact between the steam and the 
coke for as long as possible. Comparative 
experiments showed that as compared with dry 
operation the steaming alone increased the gas- 
calories by 33.6% and steaming combined 
with cracking by 51.7%. It is pointed out 
that tar injection offers a usetul expedient where 
there is no available market for selling the tar, 
or when a temporary increase in the capacity 
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of the retorts is desired. The naphthalene 
content tends to rise. Low temperature tars 
are preferable. 

Experiments carried out by a French under- 
taking, at Auvergne, were directed towards 
avoiding the total destruction of the hydro- 
carbons which occur when the walls of the 
retorts reach a high temperature, either by 
regulating the velocity of flow 
of the gas and diluting it with ne 
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efficiency of the process was found to be 76- 
77%, though in practice it might be prudent 
to count on only 70%. A 20 ft. retort should 
give a daily output of 52,970 to 70,630 cu. ft. 
of gas per day, representing 2} to 34 times as 
many calories (using producer gas as the diluent) 
as are obtainable by carbonisation alone. 

It is evident that the values of different oils 


Satyrated steam 





steam or with a poor gas, or 
else by regulating the amount 
of oil injected. The apparatus 
used, with this object, in a retort 
20 ft. long is shown diagram- 
matically in Fig. 2, wherein 
A represents two concentric 
tubes—the inner one admitting 


























saturated steam and the outer 
sleeve gas-oil—B is a receiver to 
catch any gas-oil not atomised 
and allow it to be vaporised 
by the heat, and C is a pyro- 
meter. The distance 1 could be 
varied for the purpose of the 
experiments, so as to arrive at 
the optimum conditions. The 
efficiency, as measured by the 
proportion of gas calories to oil 
calories, worked out at 73.7% 
and 73.3% in two experiments 
using steam, and as it was found 
that less than 1% of the steam 
had undergone decomposition 
(its function being evidently that 
of a diluent alone) three further experiments 
were made using producer gas instead of steam. 
These showed efficiencies of 77.2, 83.8 and 
89.3%, respectively, and were followed by other 
tests to ascertain whether it was feasible to 
ctack the gas-oil in continuous operation under 
industrial conditions. One result of the latter 
was to stress the absolute necessity for ther- 
mostatic regulation of the temperature in the 
cracking zone, and Fig. 3 shows the Chauvin- 
Arnoux automatic regulator evolved for this 
purpose : here A is the retort itself and B its 
cast iron head ; C is the furnace shield and D 
an iron-constant and thermocouple held in a 
screwed connection at E. By this means the 
temperature is kept constant to within  9°F. 

Working under industrial conditions the 
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Fig. 3. 


for use in this way will depend both on their 
intrinsic characteristics and on the cracking 
conditions. The relationship between chemical 
composition and calorific value is not well 
enough understood to allow of predicting the 
results of different mixtures of oils by calcula- 
tion alone, but indices for the purpose have 
been ascertained experimentally in which one 
particular oil is adopted as a standard of 
measurement. 

It is concluded that although this method 
of gas production cannot be considered as 
having permanent interest under the economic 
conditions normally existing in France, it is 
capable of rendering great service to under- 
takings subject to the difficulties which pre- 
vailed at the time the article was written. 
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THE USE OF MODERN STEEL FOR PERMANENT MAGNETS 


By A. TH. VAN URK. 


IN order to obtain a certain magnetic field 
strength in a given air gap, f.i. in the air gap of 
a measuring instrument, with as little magnet 
steel as possible, the construction of the magnet 
must be chosen in accordance with the special 
properties of the steel. Substituting in a 
magnet tungsten steel by a piece of modern 
steel of the same sHape one would be disap- 
pointed by the result in many cases: The 
magnet may scarcely be improved, the modern 
steel may even produce a weaker field than the 
tungsten steel. 


Comparison of modern and elder 
kinds of steel. 


The properties of a magnet steel are de- 
termined by its magnetization curve, the shape 
of which can be established approximately by 
the value of residual magnetism (remanence) 
after magnetization to saturation, and by the 
value of the coercive force, that is the magnetiz- 
ing field, which must be applied in a direction 
opposite to the residual induction in order to 
reduce the latter to zero. Modern nickel- 
aluminium steel, for example the magnet steel 
** Ticonal 2A ” has less remanence than tung- 
sten steel, but increased coercive force (Fig. 1). 


gauss 
12090 


2000 
ul 0 
= 0 
Fig. 1. Induction B of a tungsten steel gi and of 
the magnet steel “‘ Ticonal 2A 


In spite of the lower remanence “ Ticonal 2A ” 
must be considered better than tungsten steel, 
as a certain field strength in a given air gap 
may be obtained with a smaller piece of Ti- 
conal than of tungsten steel. 


(From Philips’ Technical Review, February, 1940, Vol. 5, No. 2, pp. 29/35), 


Simplified calculation of a magnet. 

For simplification it may be assumed, that 
there is no spreading and that the soft iron pole 
pieces (Fig. 2) are absolutely conductive, i.e., 
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Fig. 2. 


ann | 
Cross hatched: magnet 


YY steel; white: soft iron. 


that at any value of induction B the field Hj 
in the soft iron is zero. The three quantities : 
H field strength in the gap, Hj internal field 
strength in the magnet steel and B induction 
in the magnet are connected by the following 
equations : 

B S=Hs (1) 

H1+H; L=0 (2) or H;L=—HI (2a) 
Equation (2) follows from the proposition, that 
the line integral of the magnetic field strength 
is zero along every closed path. Multiplying 
(1) and (2a) gives 

—BH; L S=H? Is (4) 

For a given air gap (dimensions 1 and s) and a 
given field strength H in the gap the volume 
of the magnet L S becomes a minimum, when 
the product B Hj becomes a maximum. Fig. 3 
IBA 
(gauss oersted) 

19-105 








Fig. 3. BHi (induction times internal field) as a 
function of Hi for a tungsten steel ve and for the 
magnet steel ‘‘ Ticonal 2A 
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shows the variation of this product for the two 
kinds of magnet steel, for which B and H; is 
represented in Fig. 1. The maximum for 
“Ticonal 2A” amounts to 1.8 x 10° gauss- 
oersted for Hj of approximately 400 oersted 
against a maximum of 2 x 10° gauss-oersted 
for tungsten steel corresponding to Hj of ap- 
proximately 30 oersted. According (4) nine 
times less Ticonal steel than tungsten steel is 
necessary to produce the same field in a given 
air gap. B Hj is characteristic for the quality 
of the steel, while H; determines the most 
favourable dimensions (L and S) of the magnet. 
L can be calculated from (2) : 
H 
L i, 1 (5) 
whereas cross-section S is according (1): 


Hs 
S= = (©) 


B is the induction corresponding to Hj, for 
which the product B Hj is a maximum. 

When a tungsten magnet is replaced by a 
Ticonal steel magnet the optimum field Hj 
increases approximately thirteen times (400: 
30). So the length of the Ticconal steel magnet 
must be only 1/13 of that of the tungsten steel 
magnet. As the induction B for optimum 
field strength is slightly lower for Ticonal steel 
than for tungsten steel, the cross-section area 
for Ticonal is slightly larger than for tungsten 
steel. 

Dividing equation (1) by (2a) gives 

ae 
Hj Sl 
This relation is represented in Fig. 4 by the 
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straight line. The steel 1, for which the point 
of intersection between the straight line and 
the magnetisation curve gives the larger pro- 
duct B Hj, will produce the stronger field in 
the air gap, if all dimensions of the magnets 
are the same for the two kinds of steel 1 and 2. 
Diagram Fig. 4 enables to harmonise dimen- 
sions of a magnet with the qualities of the steel 
used. 

The spreading of lines of force. 

Effect of spreading depends from the form 
of the magnet. Fig 5a shows a loud speaker 
magnet constructed with magnet steel “ Ti- 
conal 2A.” When a steel would be available 
with a coercive force three times as great, while 
remanence would be only one third, the magnet 
had to be given the shape of Fig. 5b, under the 
assumption, that spreading can be neglected. 
Now it is evident, that spreading in the second 
model is considerably increased. Though the 
simplified calculation neglecting spreading 
gives the same field strength in the air gap for 
both models, it will be found that actual field 
strength in model b is smaller, as spreading 
is much greater. Therefore, in many cases, 
spreading must be taken into consideration 
quantitively. 





ame 
Wa \ 





Fig. 5. (a) Loud speaker magnet, magnet steel : 

Ticonal 2A. (b) The same magnet, magnet steel 

with coercive force three times as great, and re- 
manence one third. 


More precise calculation of a magnet. 

This calculation takes into consideration 
all flux between surfaces, between which lines 
of force pass through the air. 

The total spreading flux is 
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==Ukgk (8) 

Ux Potential difference between every 
pair of surfaces, 

gk corresponding conductivity of the 
air path=,s/1 

S cross-section of the air-path, 

1 length of the air path, 

» permeability. 

The magnetic potential Ux is defined by 


P 
Ux= SH, ds 


ds Element of a line drawn from point 
P., at which the magnetic potential 
is considered to be zero, to point 
P, at which the magnetic potential 
is indicated by the integral ; 

H, Component of H in direction of 
line element ds. 

Comparison of the total flux # with the 
flux in the air gap ®, =—Up go gives the co- 
efficient of spreading o 

o=9/ ¢ (8a) 

When o is known, the calculation of the 
magnet can be carried out according to the 
formulae given before, equation (1) of course 
being replaced by the more precise relation 

BS =Hso (9) 

This together with (2) and (3) gives the three 
unknown quantities B, Hj and H. The terms 
Ux gx and U, go may be calculated or found 
by measurement. When appreciable spread- 
ing occurs only between the pole pieces form- 
ing the air gap, the different magnetic potential 
differences Ux and U, are practically equal to 
each other, so that in (8a) only the conducti- 
vities gx and go occur. Exact calculation of 
gx is difficult. But approximate calculation 
of the spreading may be corrected by measure- 
ment. 

Complete calculation of a simple 
example (Fig. 6). 

The spreading flux between the magnets 
M will be proportional to the cylindrical sur- 
face 2rrlj and inversely proportional to the 
length of the lines of force. For this length 
one may take the length of the semicircle 
drawn in the figure as average value. The 
magnetic potential difference between the 
spreading surfaces may be taken as the average 
between 0 and the potential difference for the 
innermost line of force 21,Hi, i.e. 1,Hi. Thus 
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8r hy le py 
d+], m= ON 


oa TF 2 H; 2 (12) 


2d a | 
o=(%, +2 +%)/g,= — an 


261, 
‘i iit) +1 (13) 


The coefficients « and f have to be de- 
termined by measuring the actual values of 
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PACKING OF ROTARY SLIDE VALVES. 
(From DRP. 685.934; owned by R. C. Cross). 


THE two parts of the rotary slide valve casing 
are flexible. The full pressure in the combus- 
tion chamber acts on one part of the casing, 
whereas on the other part only a fraction of 
the same pressure is acting, the pressure being 
mechanically reduced and transmitted. As an 
example the valve (1) over the cover (3) is 
pressed against the bearing surface by one-third 
of the pressure in the combustion chamber. 
Hence, an excessive pressing of the rotary slide 
valve against the packing surfaces which might 
lead to serious troubles is excluded. 


(From DRP. 687.105; owned by Bayerische 
Motor Werke). 

In the case of a spherical rotary slide valve (4) 
an internally cooled revolving body (3) is 
pressed against the valve by a spring. The 
axis of the valve and the revolving body are in 
the same plane and they enclose a cute angle. 
As the valve is rotating so is the revolving body 
due to the difference of the velocities at the 
points (16) and (17). 


(From DRP. 687.436 ; owned by C. H. Seifert). 


THE chamferd bars (14) in the rotary slide 
valve are placed along the axis of the valve, in 
correspondingly chamfered grooves (15). If the 








DRP. 685.934. DRP. 687.105. 


DRP. 687.436. 
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, and % in a model and comparing with 
the calculated values according (10) and (11). 

The formulae (10), (11), (12) and (13) may 
be applied to any other magnet resembling to 
Fig. 7, even having very different dimensions 
and using different kinds of steel for the magnets. 
It has been found, that the values found for « 
and £8 for one model can be applied for other 
models of similar shape too, the discrepancy 
of the results of such calculations from mea- 
sured values amounting to only a few per cent. 


INVENTIONS 


valve is rotated in the direction as indicated by 
the arrow, the bars are sliding outwards on 
the slant surfaces (18), and they are pressed 
against the valve casing. 


STOPPING OF FUEL PUMPS. 
(From DRP. 687.278 ; owned by F. Man). 


IN order to stop a fuel pump suddenly a cutting 
off device is connected to the pump, which 
stops the fuel delivery of all the plungers im- 
mediately. With this solution, however, the 
fuel in the pipe between the cutting off device 
and the pump is still searching the fuel injectors, 
so that the maximum allowable speed of the 
engine is usually exceeded. To avoid this dis- 
advantage, a sucking or pumping device is also 
connected to the cutting off device. The first 
of these is sucking out or pumping out the fuel 
in the delivery pipe at the same time when the 
fuel is cut off. If the safety valve of the engine 
operates the cutting off device, this releases a 
a catch so that the spring (14) turns the lever 
(8) in a clockwise direction, and thus the piston 
(5) is raised. The piston hence cuts off the 
fuel from the pipe (3). By raising the piston 
further, the fuel in the pipe (2) is sucked out 
through the opening (26) in the piston, since 
simultaneously with the piston movement the 
valve (16) opens the pipe (2) to the free atmos- 











DRP. 687.278. 
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PISTON RING. 


(From DRP. 686.583 ; owned by A. Saurer). 
THE piston ring (d) with a shoulder part 
towards the combustion chamber has an open 
annular groove. The sides (h) an'd (i) of the 
shoulder part are elastically pressing against the 
side of the cylinder and the piston Tespectively. 
Thus the lubricating oil which is eventually 
flowing towards the combustion chamber is 
stripped off and prevented to penetrate into the 
clearances — the ring and the piston. 
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DRP. 686.583. DRP. 686.498. 


WET AIR STRAINER. 


(From DRP. 686.498; owned by Mahle 
Komm. Ges.) 


THE air sucked in is passing through the channel 
(3), across which is placed a filter (13) rotated 
by the shaft (12). The bottom half of the 
filter is immersed in a liquid purifying agent. 
The container of this liquid (4) is divided by 
a wall (8) in two dirt depositing chambers (9) 
and (9). It is very important that the wall 
should be made fitting very closely to the filter 
(14). The intermediate walls (7) and (7) serve 
to keep the dirt particles settled down at the 
bottom of the two chambers. 


BEDDING OF A GAS-TURBINE- 
BLOWER. 
(From DRP. 686.814 ; owned by Dr. A Buchi). 
THE runners of the turbine and the blower are 
connected by a hollow shaft (7). The bearings 
(12) and (13) are fixed inside the hollow tube 
(11) which is flanged at the bottom to the casing 
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(9) of the blower. The spindle (14) is rotating 
in the bearings, and is connected to the turbine 
runner (1) and the hollow shaft (7), and also to 
the wheel of the blower (6). The cavity in the 
hub of the turbine runner is cooled by circu- 
lating water through the pipe (18). 
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REVERSING GEAR. 


(From DRP. 686.425 ; owned by Fried Krupp 
Gemeinschaft). 


THE piston (g) of the reversing gear is sliding 
in the cylinder liner (f), which has inlet and 
outlet ports at (h, i) and (m, n) respectively. 
With this arrangement a separate valve casing 
and the junction pipe to the reversing gear 
piston is eliminated. 
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